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A  coKsiDERABLE  portion  of  the  work 
wliidi  1  now  oflfar  \o  the  public^  is  already  known  to  such 
of  yoQ  US  attended  my  course  of  lectims  during  die  last 
three  or  iour  sessions.  For  I  was  in  the  habit  of  exhibit* 
kig  to  yoir  a  table  of  the  aCondo  wei|^  of  the  dii^nt 
bodie%aj:s  1  sucx^eeded  in  deteriuiiiiiig  them,  and  of  stating 
to  jou  the  eiqieriiBttita  by  uicMia  o£  whidi  the  xesoks 
had  been  atteined.  1  olMei*ved  wtlli  pleasore  the  interest 
wMcii  tiie  b^ter  infc^med  md  mojre  iateliigent  students 
took  in  thcae  ftlwtetigirtiaiis  while  the  nmiMroiia  'ap^ 
piicaiions  from  various  quarters  ibr  copies  of  my  atomic 
taUe%  satisfied  me  that  mai^  of  ray  students  had  wot- 
derstood  the  discussions,  and  had  fully  appreciated  their 
importance. 
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i  have  been  ladacad  to  lay  liie  nesuU  of  my  in«e8tig»*> 
tions  before  the  public^  chiefly  for  two  reasons^  wi^ 
which  I  think  it  requisite  to  acquaint  you.  The  first  of 
th^e  is,  the  gseat  advantage  which  oMdieal  pnotitianm 
will  derive  from  a  kiiowledge  of  Urn  atouiic  weights  of 
bodies^  and  of  the  we^ts  q£  the  idlegrant  partislea  of  tJbe 
si^M^i&Cy  wliidi  they  have  occasion  to  employ  in  thek 
pifBiKaiptions.  This  knowledge  wiU  be  «aifly  acqwed 
by  a  perusal  of  the  fuUowing  pages;  and  it  will  enabte 
t^ose  who  po«se«s  it  to  avoid  aome  vecy  awkward  blundetSy 
iqto  whidi  I  hanra  observed  too  many  practitioners,  even 
of  cou^>iderablc  celdi^rity,  frequently  to  fall,  to  the  no 
little  inconvenience  of  their  patients*  Indeed^  till  the 
atuinic  tiieury  wan  pretly  completely  investigated,  av&i 
chemists  themsdves  wece  not  exfimnt  firom  sndi  mis" 
tske^i  anfl  I  could  point  01^9  if  I  thought  proper,  some 
ren^vkafale  examples  of  men  who  would  take  it  amiss  if 
the  world  did  not  pfive  them  cvedit  fiir  posseasiiig  anudi 
chOT^cfti  sciei^^  ^iUing  into  mistakes  »tbafc  no  sfendant  ci 
mine,  who  took  the  trouble  to  fiiUow  sbmI  tmdentand  Ad 
leaUu:es  delivered  on  chemistry  in  the  Collie  of  GlasM 
gow,  nmiUi  ran  any  haoaid  ef  ccsHnifsiBg.  It  'w«s  a  wMi 
to  .  enable  my  students  to  r&^llect  with  ease  this  im^ 
pcfrtael  collectwsi  of  indispciiaable  inianwnlianj  'and  ^ 
put. 4^.  m.  the  power  of  other  medical  student%  who  are 
8l|S9f|gaia  to  die-lectures  which  i  detivar,  to  avail  ditm« 
s^ves  of  the  benefils  to  be  derived  from  the  facts  and 
the  tabiej»  in  the  iuliowing  pages^  that  constituted  one  of 
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the  inducemeiitft  miik^  led  me  to  laj  the  work  before 

Tile  seoaad  comkteraUoti  whkb  iuduced  me  to  reaobre 

vrltich  more  [wticularly  concerns  medical  students  iu 
ihrXTyiiori^i  of  i^mg&w.  a  Viak  on  lajr  |wrt  to 

shorten  the  discussions  connected  with  the  atomic  theorj', 
and  with  the  ooMpoatkm  of  Ihe  «akB»  whkh  1  ^  have 
UdMietoithmiglil'it  inrmiihiwi         loinlyodiioe  inlo  my 
course  oC  lectures.    Henceibrthy  I  shall  have  it  in  my 
powisf  ^to  ttStt  yoH  to  tii6  ptesttit  |iiiliiicalioA"fa*'  die 
proofs  of  the  difierent  iundonicutal  |)oints  oi  importance; 
Hm  will'leattt  mt  nonh  now  Ifane  for  ^iuc»aifiDii» 
will  enable  me  to  make  my  future  courses  of  lectures 
mole  eMtaioiMg  and  varied^  without  any  dhnbtttion  of 
the  ifoMlity  of  Wbmfllkti  which  I  liawe'hItKeHo'  coti^ 
sideied  it  as  a  point  ot  dut^  to  cammunicate*    I  sbait 
be  ahftata^  hewafter,  to  enler  mmre  faito  defdU'redjpeMi^ 
Lbose  }wt8  of  ciiemistry  which  arc  more  itilimately  con- 
QQClad  with  liio  theory  of  madkMie;  for  i  need'  iMt: 
observe  to  those  gentlemen  who  have  piud  attention  to  the 
selfBOt|.  that  by  for  the  moat  Mteeiy  TTWuiai  of«iia|M«»hi^ 
pbyMegy^  la  a  dintkNie>  applioMioii  ^  dieMd^try  tt^  Ol^' 
investii^Hlioa  oi-  the  diiSsriiit  ooitttkuents  of  lihe  liumaiV 
body.*'AM  acenrole  kiiowled|gi»  of  tho<^mikiieitf  ooiii(MMtibH 
of  every  orgeB^  and  of  the  alterations  produced  ou  that 
organ  by  djeaaea^'  wmdd  prpbabiy  throw  new  aad  uiiex- 
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pcdbed  Ughit  upon  the  notoife  aad  iveatment  •  of  mail)' 
iiii>eai>e:>.  Physiology  hitherto  has  been  liaudied  ahnoft 
exclusively  by  the  anatomists.  These  gentlemen  have 
acted  with  a  zeal  and  imiuiftry  that  cannot  be  too  nmch 
adNuradr  Tbay  hayc'ckamnwd  the  anBteWMcai  iitfiwtmic 
of  every  organ  of  the  human  body;  ascertained  tha 
ehaHfOB  to  vbioh  it-is  iialile  fimi  ctiaeftse;  vnd  onapanA 
it  with  the  analogous  organs  in  all  the  inferbr  animaii. 
A  great  deal  of  importnt  knowledge  Ins  been  Ac  feank 

of  this  active  exammation  ;  yet,  after  the  aiiatoniists  have 
e.xbaiist^d  all  their  ingenui^,  it  oust  be  admitlHl  tbsi 
our  knowledge  bodi  of  the  organs  and  fbnoliona  is  itiU 
very  imperfect.  A  new  and  more  subtile  spmes  of 
anatomy  remains  still  to  be  tfvplied  Where  tke  labours 
of  the  aiiatomiiit  terminate^  those  of  the  dhenust  ahouid 
begin.  This  chemical  investigation  of  the  animal  body 
may  be  just  said  to  be  commencing  at  present:  for  it 
was  not  till  the  atandc  theory  was  branghft  to  oonsidflnblfl 
simplicity  and  perfectiuQ>  that  such  on  investigation  was 
possible.   It  is  easy  to  see  that  it  mnst  oontribule  pco- 

digioujjly  to  the  advancement  of  pi ly biological  knowledge. 

1  have  been  loog  anxious  to  lay  before  my  students  the 

general  i  t  suits  already  attained  by  tliese  chemical  investi- 
gatioDS.  But  the  preliminary  discussions  into  which  I 
was  obil<,ad  to  enter,  left  us  too  little  dme  at  the  end  of 
the  session,  to  enter  upon  them;  and  having  been  at 
no  little  poms  in  collecting  and  arranguig  the  difierent 
facU  from  sources  not  easily  accessible  to  studentb  in 
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jpeneral,  I  httve  hitherto  had  the  mortification  to  be 
obliged  to  pass  them  over,  or  at  least  to  treat  them  in 
to  general  a  way  that  my  views  oould  acaroely  be  under- 
stood. By  refierring  my  students  hereafter  to  the  iiacts 
contained  m  die  fidlowing  sheets,  I  shall  have  it  m  my 
power  to  shorten  considerably  the  tlenientary  part  of  my 
ooonei  and  be  enabled  lo  mtrodaoe  at  least  a  certam 
nimiber  of  physiological  lectures;  by  pointing  out  the 
general  ^wts  already  ascertained,  and  the  physiokgical 
oonseqaenoes  legitiniateiy  deducible  irom  these  fiicts.  This 
is  a  branch  of  medical  knowledge  whitcli  has  been  much 
iDCMne  attended  to  on  the  oonliDent  than  hi  Oieat  firitain* 
But  from  the  intelligence  and  the  zeal  which  the  medicul 
stodoits  in  this  oonntry  in  general  possess,  I  am  satisfied 
that  if  the  subject  were  once  fairly  started,  it  would  be- 
cane  a  fsvoonte  omect  of  pursuit,  and  that  it  would 
advance  to  perfection  with  a  degree  of  rspldily  of  which 
we  can  at  present  lurm  but  on  imperfect  idea. 


Digitized  by  Google 


•  I. 


I. 


'1     V  t  i 


I 


If;  III  K'i.   #     <  ■  «•  i' 

(•     't  .  .  . 
,1  » 

I . 

.1  h  /'   -f    *  ' 


I  >•  •  • 

I  I  r    <  t  • 

■  ^ 
I 


.  1 


I 


' .  ..r.       «  •  I 

»  I         ■  r  t\< 

•   '  •    1     1  i  I   »^  '  ,  rJt  I 

«-          *            .fl       ...  *• 

I            '111*     •         I  'j'  '  '  f«lt 


•    >  •  •  .       l>  I     II  il"' 

.     .  ■  I         /  • 

>il  4 


Digitized  by  Google 


PREFACE. 


TiiE  subject  treated  of  in  the  tuUowiug  pages  is  oi  mare 
in^fMrtanoe  than  any  odier  irliich  can  at  tlie  pMcnt  msh 
ment  occupy  tiie  utteation  oi'  (he  chemist ;  since  it  is  no 
odier  than  an  attempt  to  establish  the  fundamental  princi- 
ples of  the  science  upon  a  sure  and  steady  foundation. 
The  analytical  labours  of  the  chemist  and  mineralogist 
depend  upon  thaae  principles,  and  can  only  be  aoeurate 
after  their  trutli  has  been  tuUy  estoblibhed.  All  the 
operations  of  the  chemical  nanuflutnrer  are  equally 
ile|x:iidant  on  them,  and  am  only  be  prosecuted  witti 
perfect  certainty  and  success  by  those  who  are  acquainted 
with  them.  Several  chemical  manufacturers  in  this  coun- 
try have  already  availed  themselves  oi'  the  atomic  theory 
to  lectBy  their  proeesses.  This'  they  have  done  to  such 
an  extent,  that  unless  all  tlie  other  manufacturers  follow 
thnr  cmamplp,  ihey  ivill  find  it  impossible  to  compete  with 
their  more  skilful  rivals.  One  of  the  great  objects  of  the 
present  work  is  to  lednce  the  whole  doctrine  of  atoms  to 
the  utmost  degree  of  simplicity  and  accuracy;  so  as  to 
put  it  in  the  power  of  chemical  manu^t«irers  in  general, 
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to  avail  themselyes  of  it  in  order  to  bring  their  processes 

to  the  rci^uibiic  degree  oi  precision. 

Nor  will  the  atomic  theory  prove  less  important  to 
aputhf^caries  and  druggists,  and  preparers  of  niediciues. 
It  will  point  cNit  the  exact  proportions  of  every  substance 
to  be  used,  and  will  enable  diem  to  attain  their  object  in 
the  most  simple  and  direct  manner,  witbont  any  unprofit- 
able waste  by  employing  more  or  less  of  the  different 
giil^tim/*p>g  thiui  is  iufli  reouisite  for  th«  m<-<m#Wi  ii^Miirt 

To  Ihem,  and  indeed^  to  all  medical  men  and  medital 

stivikinta*  the  km^wledge  of  xhe  atomic  theoiy  is  of  the 
utmoA  QQQseqiieooe,  and  they  will  find  the  present.  pufalH 

^tion  ui  ni)  Utile  service  to  them.  The  tables  contained 
in  .th^  work  <>iight  to  occupy  a  place  in  emy  labmtovyf 
and  to  lie  upon  tlic  shop  of  every  druggist,  that  he  may 
bi|ve  it  in  his  power  to  h^Te  mooorae  to  them  to  gfgnlate 
all  his  processes. 

The  wof  k  which  I  now  pnuaH  to  the  pablic  contains 
the  xesult  of  many  thousand  experiments,  conducted  with 
as  much  care  and  precision  as  it  was  in  my  pomr  to 

employ.  They  have  occupied  the.  whole  of  my  time 
(except  what  waa  necescarily  devoted  to  the  dotiea  of  soy 
situation,)  for  the  last  fire  years.  AH  tinea  eifwiuienb 
wluch  I  considered  as  fundamental,  weve  repeated  so 
qfteoy  and  varied  in  so  many  ways,  that  I  repose  the  most 
pffirlect  conhdence  in  their  accuracy.     1  may  Uieretore, 


Digitized  by 


XV 


perhaps,  venture  to  express  a  hope,  that  the  render  will 
not  immeclktely  judge  them  to  be  biiociinUe^  bemue  they 
A»  HOC  emietly  coincide  wHJi  the  aiM]3rtical  TemHs  of 
0ther  chemists.  The  pfooesaed  of  ^hemirtB  have  been  so 
neb  rectified  and  improved  of  late  years,  and  so  mmtk 
care  is  now  generally  bestowed  upon  ejqi^imentSy  that 
tenay  rely  upon  the  leaolt  (prdvkMd  the  flela  ea^loyed 
(le  accurate)  certainly  witiiin  less  than  one  per  cent.  I 
Mieve  indeed  dM  the  emr  io  anii^  i»f  Benefioif  analyw 
ses  does  not  exceed  one  thousandth  part.    But  it  is  much 

Me  diffieiilt  t^  iilHiiii'i  anbatailoea  in  a  ktMkt'  of  ocneidcite 

purity  than  chemists  in  general  are  aware:  it  wiis  in 
ndnoDg  the  dtfierent  saki  iHiieh  I  eittployed^  to 

greatest  possible  degree  of  purity,  that  tlie  greatest  part 
of mytime  was  wasted.  I  have  in  all  caiea  in  wiilch  it 
^  in  my  power,  deduced  the  atomic  weights  of  bodies 
frmn  the  rigid  analysis  of  the  nei]trftl8ahiiiit(>whiG^  they 
enter;  because  it  is  mmth  ea8ie^  to  otfCnhi  iMtrfMd  mHs 
pore,  than  any  of  the  metallic  bodies  which  constitute 
tUrhases.  Indeed,  not  H  1^  of  tike  itMd^  Wet 
ret  been  esiubited  in  a  state  ot  absolute  putity.  ikr%eiius 

hi  gettenfl  dedneed  tiM  afdttitf.  WeigUta  of  nwMls 
from  experiments  on  these  bodies  themsekes.  1  his  1  be- 
Bm  to  be  di^  principal  reason  wh his  atomic  weights  ao 
frequently  diiier  a  little  from  mine.  For  example,  tlie  atom 
of  zfaic deduced  from  his  experiment  ia  4HM8i^;  whiie 

atomic  weight  obtained  by  me  from  the  analysis  of 
si^pliAte  of  ifaic  is  4*85.   The  rea^  df  this  differdioe  I 

16 


Digitized  by  Google 


xvi 


PESFACE. 


believe  to  be  that  the  svlpliile  of  anc  vlMeh  1  wed 

was  a  pure  sait^  while  zinc  in  the  nietaliic  state  is 
never  quite  Iree  hvm  iron  and  some  other  impiirilie%  idl  of 
vHiioh  have  a  loidiiicy  to  dwnintfli  its  appaml  atoBUc 
weight. 

» 

As  the  andysis  of  sulphate  uf  zinc  constitutes  in  some 
measnre  the  fomidatiaii  of  the  whole  supetttnictHve  whiish 
I  have  endeavoured  to  rear,  I  made  the  analysis  of  it  wkh 
the  ^[reatest  possibk  care.  My  hisi  amdysis  of  it  was 
interled  in  the  Anm^  of  Philosophy,  (second  sms)  L 
247.  But  by  some  inadvert»icy»  the  quantity  of  water  is 
stMBd  at  nx  atoms  inalead  of  seven,  whidi  is  the  true 
quantity.  I  cannot  very  well  account  for  this  mistake; 
Ibr  on  looking  back  to  my  orighial  analysis,  1  iiad  it 
merely  stated  that  17  grains  of  sulphate  of  anc  ware  jast 
deeomposed  bj  18*85  grains  of  ddoride  of  barium.  No- 
thmgr  said  about  the  state  of  the  sak,  which  wonU 
enable  us  to  account  for  the  absence  of  an  atom  of  water. 
B«t  I  have  lepeafeed  the  analysis  of  sulphate  of  aiac 
many  times  since  the  publication  of  that  paper,  and  have 
made  several  of  my  piactieal  students  repeat  it,  aad  the 
uniform  result  has  been  seven  atoms  of  water,  and  nol  fliz, 
as  i  there  stated.  If  solutions  of  17  grains  oi  sulphate 
oTmc  and  lS<d5  of  chloride  of  bariiwi  be  nrised,  we  shall 
find  that  the  supeinatant  liquid,  after  the  deposition  of  the 
sulphate  of  taaiytes,  will  become  milky  when  mned  with 
sulphate  of  soda^  showing  tiiat  it  stiil  icUimj>  barytes, 
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aiJ  eoDieqiieRtly,  that  17  crraiiw  of  giiiphate  of  xiiic  do 
001  cQotain  so  much  as  5  grains  of  sulpliiiric  ackt 

I  have  been  in  the  habit,  ever  since  the  atomic  niunbeni 
giiai  m  tfa«  preioit  mnk  were  dctanuhwd»  to  cakniMa 
the  experiments  of  other  chemists  by  substituting  for  the 
dsia  which  ^bej  enqployed,  the  more  correct  data  which  I 
■yaelf  poeseeaed)  and  I  have  freqneRtly  fonnd  diat  the 
experiments^  when  so  r.ftleukt4?d,  came  wuch  nearer  the 
Mh  than  the  ezperiroeDters  theiaaelvea  were  aware  o£ 
T\m  was  remarkably  the  caie  with  respect  to  Mr,  Fara« 
esperiments  to  detemune  the  conatitiients  of  the 
of  cai'bon,  for  a  knowledge  ,of  wliicli  wc  are 
inddbted  tx>  dwt  very  mgemoua  and  accnrate  chemist 
TV  hnperfect  data  which  he  employed  has  given  hit 
experunents  the  appearance  of  greater  inaccuracy  than 
the  tnith :  fer  when  the  specific  gvwitieB  and  atomic 
numbers  given  in  the  following  pages  are  substituted  ibr 
tee  which  he  used*  faia  eacperimeiits  abnost  coincide 
witii  the  theoretic  quantities. 

hi  tins  oonntry,  the  atomic  weights  which  I  here  pre- 
sent to  the  puhlicy  have  been  ahneaify  very  generally 
■dopied,  so  &r  as  they  are  known.    But  on  the  continent, 

iiie  numbers  and  tables  of  Berzelius  are  in  common  use. 
Bending  numbers  are  in  general  very  near  approxima* 
^ns  to  the  truth ;  though  1  am  persuiuletl  that  in  very 
i<tw  iastances  tie  has  actually  reached  it.    His  tables 
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may  be  used  wkhmit  the  risk  of  any  great 

error,  except  those  of  the  arseniates  and  pho(^hate% 
where  the  error  is  oonndemble ;  but  ihey  consist  of  nodi 
more  complex  numbers  than  mine,  and  the  atomic  weights 
Stre  dl  kept  out  of  view  by  his  method  of  giving  die 
coristitiieius  in  100  parts  oi  tlie  compound  bodies.  On 
the  score  of  ftcility  and  simpiidty,  I  consider  my  nombem 
as  much  preferable :  indeed^  tlie  theory  of  Berzeiius  is  so 
complicated  and  intricatei  that  it  would  be  surprising 
if  it  were  a  true  representation  of  what  takes  place  in 
nat|^« 

A  §ew  of  my  determinations  of  the  atomic  weights  of 
various  bodiesi  were  published  in  the  Annals  of  Fhilo* 
Sophy,  during  the  years  1820  and  1821.  But  on  per- 
ooring  that  I  had  occasionally  fidlen  into  mistakes  by 

stating  results  deduced  from  particular  views  of  a  subject, 
before  1  had  been  able  to  consider  it  in  all  its  bearings, 
I  thougiit  it  sater  to  reiraiii,  till  I  had  brought  tlie  in- 
vestigatioii  to  a  conclusion,  and  then  to  h(y  the  whole  > 
at  once  before  the  public  This  was  tiic  reason  that 
«  induced  me  to  discontinue  waij  original  plan  of  publishing 

my  labours  in  periotlical  essays,  in  proportion  as  tlte  ato- 
mic numbers  were  determined. 
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ADVERTISEMENT 


I  HA¥K  been  led  by  my  desire  of  avoiding  circumlociition, 
10  T^^ft  use  of  saam  terms  in  the  luilowing  work^  which 
Iftj  require  explaofltiott* 

1.  When  the  umple  name  of  a  oompound  oocur%  it  ia 
to  be  tmdentood  that  it  is  a  compound  of  oiie  atom  of 

each  ooDstitueaL  Xhub»  oxide  oi  zinc  u  compound  of 
one  atom  zinc  and  one  atom  oxygen.  Sulphuret  of  bis- 
muth, a  compound  of  one  atom  bismuth  and  one  atom 
sulphur.  Sulphate  of  potash,  a  compound  of  one  atom 
n^lnirie  mad  mi  one  atom  poluh. 

2.  When  the  add  which  a  salt  contains  is  doubled,  the 
doobling  18  denoted  by  prefixing  Uie  Latm  wovd  hi$  to 

ilit  iuiine.    Thus,  biiimlphate  of  potash  means  a  compound 
of  two  attiins  sulphuric  acid  and  one  atom  of  potash. 
Ixmte  ef  soda  ia  a  oompcnnid  of  two  atoms  boraiae  acid 

aiki  one  atom  soda. 

9.  When  the  base  is  doubled,  this  is  denoted  by  pre- 
fixing the  Greek  syllable  Ui^i.  ihu^  disulphate  of  alu<- 
mioa  is  a  compoand  of  one  atom  sulphuric  aqd  and  two 
tUnis  alum*p^ 
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4.  Threes  four,  &g*  atoms  of  the  acid  are  denoted  by 

prefixing  the  Latin  numerals,  (er^  quaier,*  &c.  Three, 

* 

ionXf  &C.  atoms  of  the  bose^'by  prefixii^  the  Greek  nume* 
rals»  in$9  Uirakii,  te. 


5.  When  a  metal  is  combined  with  oxygen  in  the  pro- 
portion of  two  atoms  metal  to  one  atom  oxygen,  tlie  oom^ 
pound  is  called  a  wdoawfe.  Thns^  suboxide  of  manganese 
is  a  compound  of  two  atoms  manganese  and  one  atom 
oxygen*  or,  of  one  atom  manganese  and  a  half  atom 
oxygen. 

r  All  the  Other  terms  employed  wiU  bo.  und^rstpQii  witlt- 


.opt  any  fiirther  explanation. 


*  •  ► 


1  • 


r 


*  The  affix  quadro  baviog  beco  already  applied  for  this  purpose  ligf  Dr, 
WoUaaton,  and  having  come  into  general  uae,  I  bave  tbouglit  it  better  to 
tjnue  il  tkaa  to  Hie  fMoter .  ^ 
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IHE  FlUi>i  PRINCIPLES  OF  CHEMISTRV 

<  ■ 

* 

BY  EXPEBIMBNT. 


CHAP.  L 

'  HXSXO^CAL  INTEODUCTION. 

4 

CHsmsra  appear  at  all  times  to  have  adaiitted 

that  Uie  constituents  of  compound  bodies  are 
ooiMtw^  whether  we  consider  the  elementi 
themselves,  or  their  proportions.  But  it  was  not 
till  Cbeoustr^  had  made  considerable  progress, 
that  aagr.tbiiHS  hke  an  analysis  of  the  salts  ooiild 
be  attempted.  Homb^i  so  far  as  I  know»  was 
the  tirst  person  wlio  thought  of  determining  the 
comoaadon  of  these  bodies.  Uia  contrived  s 
hydrometer  for  ascertaining  the  specific  gravity" 
Qt  acids.  This  instrument  was  similar  to  the 
wei^Ad)g  fK^ttle  at  preset  ia  'common'  ibc 
the  same  pvurpote.  It  enabled  him  to  judge,  i  rom 
the  specific  gravity,  how  much  stronger  one  acid 

Vm.1.  a 


9  HISTORICAL  INTRODUCTION. 

was  than  another.   But  to  estimate  the  quantity 

of  real  acid  contained  in  each  of  those  liquids, 
aoother  process  was  necessary.  And  he  pro- 
ceeded in  this  way :  He  todc  an  ounce  of  salt  of 
tartar  (carbonate  of  potash  of  the  shops)  and 
saturated  it  with  each  of  his  acid  liquids*  deter- 
mining  the  weights  of  each  necessary  to  produce 
the  required  eiibct.  The  liquid  was  then  eva- 
porated to  dryoessy  and  the  dry  salt  left  was 
weighed*  The  augmentation  of  weight  which 
the  ounce  of  salt  of  tartar  had  sustained,  marked, 
in  his  opinion,  the  weight  of  acid  which  had 
combined  with  it  *  •  For  ^xabple :  1  ounce  of 
salt  of  tartar  when  saturated  with  nitric  acid 
becomes  1*4^  ounces.  Hence  he  conchided.that 
saltpetre  is  a  compound  of 

Potaih         100  * 

4 

Nitncacid  45 
145 

III  the  same  imy  he  estimated  the  eotnposition 
of  muriate  of  potash,  sulphate  of  potash,  acetate 
of  potarii.  It  is  unnecessary  to  give  the  results 
which  he  obtained,  because  Hotiberg^  not  fattfing 

been  aware  that  salt  of  tartar  contained  carbonic 
^id,  increased  the  amount  of  the  potash^  and  d^ 
minishedthat  of  the  nitric  acid  by  th^  whote  quiuK: 

tity  of  carbonic  acid  previously  united  with  the 

•  Mem.  Paris  1639,  p.  4K 
3 


Digitized  by  Google 


HISTOBICAL  INTRODUCTION*  3 

potash.  Of  course,  his  results  canvty  no  idea 
Woltver  oi*  the  true  composition  of  the  salts  which 
fetttemp^  to  ftmlyze.  Wie  might,  indeed,  by 
subtracting  the  carbonic  acid  from  the  potash^ 
aid  iddiiig  it  to  the  acidf  deduce  compoii^ 
fm  of  these  salts  according  to  his  experiments. 
Ibeae  deductions  being  made,  it  will  be  ibund 
At  idtpstre  according  to  hk  experimeAts^  is 
composed  of 

VolMh  6 
Kitrieatid  Ml 

12-68 

Kumbers  which,  though  not  correct,  constitute 
a  pretty  good  approximation,  and  come  muoh 
MKT  the  ttutb  than  the  analyats  of  Kirwan,  or 

even  the  more  careful  analyses  of  Beraid  or 
WeoseL 

T1i6  effpefifflents  <ff  Pltn&ntef 

&e  aam^  way»  md  were  sulgect  to  the  same 

In  Dr.  Black* 5  celebrated  Essay  on  Magnesia 
a^id  Qmcklimey  he  hrst  pointed  out  the  mistake 
<i  Homberg,  and  from  some  of  his  experiments 
deductions  might  be  made  respecting  the  con- 
stitueotsof  some  of  the  magnesian  salts  ^  but  not 
Ung  professed  analyses,  they  have  not  attracted 
tnuch  of  the  attention  of  succeeding  chemists. 

Soon  after  6ie  iMddle  of  the  eighteenth  cen« 
toy,  attempts  were  made  by  different  chemists 

AS 
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to  aoafyzerwiouscheiiiical  subrtaooesy  espedalljr 

by  Bergman,  who  liad  actjiiiied  so  great  a  repu-- 
tation»  that  his  opioious  earned  with  them  a. 
high  degree  of  authority,  and  his  analyses  mre- 
for  some  time  considered  as  models  of  accuracy 
— a  character  to  which  they  are  by  no  meaos 
entitled* 

^"  ^®  accurate  set  of  experiments 
rdatxwe  QU  the  Gomposition  of  salts,  we  are  indeblied  to 
^Stmi  Wenzd»  a  Grerman  chemist,  who  published  in 
1777>  21  small  work  entitied,  Lekre  von  der  Ver^ 
mmdschaft  der  Kdrper^  or  Theory  qf  the  4ffimlie9 
of  Bodies*  He  had  been  struck  with  a  phenome* 
noQ  which  had  already  drawn  some  attentioR 
fiom  chemists;  namely,  that  two  neutral  salts 
preserve  their  neutrality  after  mutually  decom- 
posing each  other.  Wenzel  proved  by  a  long, 
series  of  very  accurate  analyses,  that  all  the  al« 
kalies  and  earths  bear  Uie  same  ratio  to  all  tlie 
acids.  For  example :  if  a  given  quantity  oi  sul* 
phuric  acid  be  saturated  by 

9*75  barytes, 
6-5  firoiitian, 

S*S  Ume, 

the  respective  quantities  of  tlicsc  earths  and  al- 
kalies, which  saturate  a  given  quantity  qf  each 
of  the  other  adds,  will  be  t4>  ^ich  ^er  as  tJie 
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nmbm  9^6,  G^,  6,  4,  8^5,  and  When 

nitrate  of  lime,  and  sulphate  of  potash  decompose 
each  other,  the  nitrate  of  potash,  and  sulphate  of 
lime  Jbrmedy  are  neutral*  because  the  relative 
quantities  of  potash  and  lime,  which  s:itLiratc  a 
g;iveii  weight  of  nitric  and  sulphuric  acid|  are 
flie  sane.  If  we  tepresent  nitric  acid  by  6*7^^* 
ihtii  ij  of  ]>otiish  and  3*5  of  Hme  will  just  satu- 
rate that  quantity  of  it  i  and  6  potash  and  3*5 
Sme  w91  just  saturate  5  of  sulphuric  add.  Ni- 
trate of  iioie  (abstracting      water)  is  composed 

Nitric  acid  6*75  .  . 

Lime  S'5 

» 

■ 

and  sulphate  of  potash  of    ^  . 

•  •  .  .  . 

Sulphuric  acid  5 
,     .  Potaih  6 

11 

When  10-25  nitrate  of  lime  and  11  sulphate 
of  potash  are  mixed,  a  double  decomposition 
tak«ip|ace»  and  tbeuB  are  fiirmed 

■ 

^       ,  (  Nitric  acid  6*75 
^•^^P^tPoUBh  6 

12-75 

AS 
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I"'  '  ' 

8*5 

Aod  tbesQ  naw  ;salts  ane  neiitiaJ^  bepause  67i5 
nitric  add  ac^  neoiialized  both  by  6  potash  and 
S'5  liipe,  aad  o  sulphunc      6  pQtasb  aod  3*4 

It  .  would  appear  a  very  extraordinary  circumy 
st^ce^  if  wje  were  ignorant  of  the  aUnost  despo* 
tu?  ifffmw  ot'  fkatfiof^  and  authority  w^r  the 
minds  even  of  men  of  science,  that  this  luminoui| 
explanation  of  Wenzel,  confirmed  by  the  most 
accurate  experiments  wUch  chemistry  possessed, 
I  do  not  say  merely  at  the  time  when  they  ap- 
peared, but  for  many  years  ai'ter — experiments, 
which  will  even  bear  a  comparison  with  those  of 
Berzelius,  made  on  purpose  to  demonstrate  the 
truth  of  the  very  same  principie  which  Wenzel 
first  suggested — it  would  appear  very  extraordi- 
nary indeed,  that  neither  the  piiiiciple  of  Wen- 
zel»  nor  the  experiments  by  which  it  was  con- 
firmed, are  noticed  by  any  of  the  contemporary 

chemists,  or  st'eni  to  have  attracted  the  smallest 
attention.  Bergman  was  at  that  time  in  the 
height  of  his  reputation.  He  published  aodyMi 
of  sev  eral  of  the  salts,  greatly  inferior  in  point  of 
accuracy  to  those  of  Wen^el.   He,  of  course, 

•  I  have  not  ctnpioyed  Wciud  s  luiinbtrs  to  lilustralij  his  opinions;  bul 
Uie  mure  accurate  nvmbcrs  determinvd  in  the  succeeding  cbaptenof  this 
work. 
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did  not  perceive  the  existence  oi'  the  princi^« 
whch  Weosud  iud  investigated.  Yet  the  aoalyi 
m  of  Befgman  md  of  othcar  chamistBi  though 

less  accurate,  and  inconsistent  with  the  fact 
viud)  bad  led  Weneel  to  taift  iovestigation,  were 
adopted  by  cbemitfe  in  geaeaif  and  ibtia  dMic 
attentiuu  was  withdiawn  from  one  of  the  most 
ioiportaiit  steps  which  the  science  has  ever  madc^ 
and  the  great  improvement  itself  was  delayed 
iur  more  than  tiurty  years. 

li  In  the  year  179^  Richter,  who  during  ^ 
the  latter  part  of  his  Kfe  had  the  supeitnten*^^ 

dencc  of  the  pcnrcelain  manufactory  at  Berlin,  *H****' 
published  a  work  entitled,  Anfimgsgriinde  der 
Stodyomeirie^  oder  Messhmst  Chytmcher  Ek' 
menkf  Elements  of  Stochyometryy  or  the  Mathe- 
matki  qf  the  Chemical  Elements.  This  work  con- 
sists of  four  thin  volumes,  which  were  printed  at 
fireslau,  durnig  the  years  179^,  3,  and  4.  It 
was  followed  by  a  periodical  woric,  entitled, 
Ueber  die  Neuem  GegemtiiJide  der  Chi/tnie^  on 
ie  New  Directs  qf  Oiemistry.  This  work  was  be^- 
gnp  iQ  17912,*  and  coqtinued  in  twelve  dtfierent 

numbers,  or  volumes,  till  the  year  I8O7,  the 
penod  of  Kichter's  d^th.    I'br  he  died  on  the 

ilb  nk'  Mty  ^  that  yisfisA  In  these  worksi  h^ 

•In  my  cupy,  tho  date  tlio  fr-.t  ^uuX  is,  1799,  but  it  i»  a  second  edi- 
tioB.  TIjc  5»c*.u!id  pari  v^.iN  prititi  li  at  Breslsu  in  1793.  Hence  I  infer, 
Ibtt  the  fim  part  appeared  in 

t  i^cUta's  ifm»  (second  tvm).  iV*  1^* 

A4 
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endeiivoured  to  give  ChemisUy  a  mathfimUicai 
ibrtn.  He  examined  tbe  pheBoneium  obseiTOii 
by  Wenzel,  and  explained  it  in  the  same  way» 
He  endeavoured  to  deCemune  liie  relative  CBftir 
city  of  saturation  of  the  adds  and  hmoB,  and 
attached  a  number  to  each,  indicating  tbia  c^pa* 
ci^*  The  foUowing  taUe  exhibits  these  anau 
bers.  ' 


Alumina 

525 

Fluoric  acid 

427 

Magnesia 

6l5 

Carbonic  • 

Ammonia  '  • 

672 

Sebacic 

706 

Lime  « 

Muriatic  ; 

Soda  . 

S59 

Oxalic 

75S 

Stroatian 

Phog|ilioric 

979 

Potash 

Formic 

988 

Barries 

Sulphuric 

1000 

Succinic 

1209 

Nitric 

1405 

Aoatic 

14S0 

Citric 

1685 

Tartaric  • 

1694 

Richter's  labours  in  this  important  field  pro- 
duced aa  little  attention  as  those  of  Wenzel. 
Berzelins  ascribes  this  to  two  causes.  1.  The 
great  inaccuracy  of  Richter's  experiments, 
which  indeed  cannot  for  a  moment  be  put  in 
competition  with  those  of  Wenzel,  2.  The  vio- 
lent discussion  between  the  antiphlogistic  and 
phlogistic  system,  which  had  originated  about 
the  year  1787>  and  had  not  completely  subsided 
at  the  time  of  Ricbter's  death*  The  last  of  these 
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Iki4»  iti      pfbbtt&Ult^;  the  greatest  in* 

fiuence.  '  '*  '  • 
But  in  Gfeat.Britafia,  ^h^e  ihe  importance 
Rkbtei's  opinions  were  likely  to  ban^e  been 
mAf  appreciated,  another  cause  operated  to 
fmeit  them  from  gaining  much  ground.  The 
Vmdk  levolntiiijb  nros  at  its  aem^  when  Rich- 
ter  began  his  Stochyonietrical  investigations, 
md  aU  JBonipe  was  phmged  into  the  bloodiest 
sod  most  iirveterate  war,  dmt  has  almost  tver 
itteted  this  part  of  the  world.  Great  Britain 
MOD  became  involved  in  the  dispute,  and  gra^ 
dually,  not  only  bore  the  brunt  of  the  war,  but 
was,  by  degrees,  deserted  by  all  her  allies,  and 
it  lart  left  alone  to  wage  war  agmnst  all  the  world. 
Hence  the  intercourse  between  the  men  of 
sdence  in  Great  Britain  and  on  the  continent 
ivas  gradually  interrupted.  This,  together  with 
the  little  attention  paid  to  German  literature 
m  this  country,  prevented  us  from  being  aware 
ofthe  labours  of  .  Ricbter.  My  first  knowledge 
of  them  was  derived  from  a  note  in  Bertholiet's 
Siaiiqve  Chmique,  published  in  1803,  and  I 
foand  it  impossible  to  procure  a  copy  till  after 
the  battle  of  W'atci  loo. 

III.  The  notice  in  BerthoUet's  Siaiique  Chi- 
sv^fie,  would  probably  have  speedily  drawn  the 
atteiiLiou  ot  our  countrymen  to  tliis  most  impor- P""**^** 

•         ftrrt  views 

tant  department  of  chemistry,  liad  not  the  genius  rf-^T^ni^ 
of  Dalton  led  hun  to  a  much  more  general  view  tt^^'' 
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ol'tlic  subject,  whicli  has  been  usually  called  the 
atomic  tlieory.  I  do  not  know  when  the 
first  occurred  to  hiou  la  idl  probability  they 
$tiuck  liiin  by  degrees,  and  were  adopted  in 
opns^uence  c£  his  own  ««perjiiicntlki  'mveaiigh 
tioBs.  I  first  visited  him  nt  MuMhe^ter,  on  tho 
uGih  of  August,  180i,  and  on  that  day,  he  exr 
pitoied  tjo  his  ootioii3  reapectiiig  the  connf 
pc^tioD  of  bp£«9^  The  ultimate  particles  of  $31 
mxifle  bodies  are,  ia  bis  opinion,  alms  incapable 
of  farther  diviaidiL  Theae  fitoma  (at  •  kaat 
viewed  along  with  Aeir  atmospheres  of  heat) 
are  all  spheres,  and  are  all  of  tliem  posaessed  of 
pwiicular  weights,  which  may  be  denoted  by 
numbers.  And  he  represented  the  atoms  of  the 
simple  bodies  by  symbols.    The  following  may 

b^  taken  aa 9 apecamen  of  hia method: 


O  Hydrogen  ,  . 

(D  Azote  .-       .  . 

O  Oxygen         „      ,  *  . 

BINAbY  COMPOUMOS. 

O®  Water 

(DO  Nitrous  gai 

#0  01eiaiit«M 

(D0  AmmcHiift 

#0  Carbonic  oxide 


1 

5 

6-5 
& 


7-5 
11*5 

6 

6 
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0#0    Carbonic  acid 


ia 
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003)    Nitrous  oxide  .      .  16.5 

#0#  EUim 


O0O 
O 


Oxy-nitric  acid       .       .       .  24*5 


otnN9vnf AST  coifpouini» 
(D^O   Nitrowfadd  £9*5 


•0# 


SIXTERAXY  COMPOUND. 

Alcohol        •      •      •      .  S3*5 

BlPTBVARir  COMinnJHB. 

0  05 

000    I>i iiratc  gi  Mumxouia        *       •  31*5 


Such  ^vas  the  view  of  the  subject,  which  Mr, 
Dalton  had  taken  befpre  the  moiitii  of  August, 
lS(Mb    Unless  nfy  reodUectioii  fiiib  me»  Mr, 

Dalton' s  theory  was  originally  deduced  from  his 
expenmeats  on  olefiant  g^^  and  carburetted 
^diogeiu   He  found  both  compdBed  of  carbon 

hydrogen ;  but  the  carbuu  in  each  being 
considered  as  the  samei  be  found  the  hydrogen 
in  the  latter  gas  twice  as  much  as  in  the  former. 
This  induced  him  to  determine  the  ratios  of 
tlie^  constituents  in  numbers,  and  to  consider 
the  olefiant  gas  as  a  compound  of  1  atom  carbon 
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and  1  atom  hydrogen ;  and  carburetted  hydro^ 

gen  of  1  atom  carbon  and  2  atoms  hydrogen. 
The  idea  thus  conceived  was  applied  to  car- 
bonic oxide,  water,  ammonia;  ke.  and  numbers 

representing  the  atomic  weights  of  oxygen, 
azote,  deduced  from  the  best  analytical  ex- 
periments which  chembtiy  at  that  time  pos- 
sessed. 

In  the  third  edition  of  my  System  of 
Chemistry,  published  in  1807f  I  introduced  a 
short  sketch  of  Mr.  Dalton's  theory,  so  far  as 
I  understood  it.*  The  same  year  a  paper  of 
mine  on  oxalic  acid  was  published  in  the  Phi- 
losophical Transactions,  in  which  I  showed  that 
oxalic  acid  unites  in  two  proportions  with  stron- 
tian,  forming  an  oxalate  and  a  binoxalate ;  and 
that  supposing  the  strontian  in  botli  salts  tlie 
same,  the  oxalic  acid  in  the  latter  is  exactly 
twice  as  much  as  in  the  fimner.t  About  the 
same  time  Dr.  Wollaston  showed,  that  bicar- 
bonate of  potash  contains  just  twice  the  quan- 
tity of  carbonic  add  that  carbonate  of  potadi 
does  I  and  that  there  are  three  oxalates  of  potash, 
viz*  oxalate*  binoxalate  and  quadroxaiate,  the 
acids  in  which  are  to  each  other  as  the  numbera 

•  Vol.  III.P.4S4W 

f  Bctardy  in  a  piptr  on  tfae  oxthtea,  iMA  hm  pnUMild  bj  lUj  tt  eM» 
ffMlioii  of  mijM^  Iboaii^  fatt  nmllt  am  in  gtotial  nan  ctfopnow  Itan 

nyimn,  denies  tbe  existence  of  binonlnlt  of  stronti^  I  have  oAm  made 
tlie  salt,  and  regularly  eilubit  it  to  my  ftudcnia.  It  diflin  vciy  nmcii 
from  tha  oxalate. 
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1,  ^  4<.   Than  Acts  gradually  drew  the  atln^ 

turn  of  Chemists  to  Mr.  Dalton's  views^  and 
induced  seveial  to  adopt  thenii  who  were  al 
fifit  indined  to  ooiuider  tbem  as  viiionaiy. 
Amoiig  tiiese  I  may  nieution  Sir  Uumpiirey  Davy* 
who  cootributed  so  materiallyt  a  few  years  afier, 
to  oofifirm  alid  extend  this  important  theory. 

Jn  1808  Mr.  Dalton  published  the  first 
Tohiaie  of  his  New  System,  of  Chemical  Phikh 
lopby.  In  the  last  chapter  of  that  vduco^ey 
cooiistiug  only  of  six  pages,  he  gives  us  a  coi^' 
ose  view  of  his  atomic  theory ;  and  in  a  plate 
tt  the  end  of  the  vdume,  he  exhibits  the  svnf* 
bols  and  atomic  weights  of  «S7  bodies  20  of 
vliich  were  then  considered  as  simple^  and  the 
ether  17  as  compound.  In  1810,  the  second 
rolume  ot  this  work  appear^y  iu  which  he 
exBDiined  the  comlnnations  olf  oxygen,  with  fay* 

dro^n,  azote,  carbon,  isulphur,  and  phosphorus; 
and  the  comhinations  ot'  iiydiogeii  with  carbon^ 
niphur  and  jriiospbonis  $  and  showed  that  all 

these  combined  according  to  the  laws  of  tlie 
atomic  theory.  lie  also  examined  the  atomic 
veighta  and  combinatiotts  of  the  alkalies  and 
eartlis.  The  third  volume  of  this  most  impor- 
tant work,  though  it  has  been  pirinted  for  several 
yean»  the  author,  for  reasons  with  whkfa  I  am 

unacquainted,  lias  thought  proper  to  withhold 

from  the  public— and  by  so  doing,  haa  doubtles/^ 
Im  the  right  which  he^  would  have  et\)oyed,  to 


14         umom^At,  ntTBmiKmow* 

taiic  combinations  which  he  treated  of  in  Uiat 
volume. 

H*iiiidi§     Mr.  Ddton  made  cboiise  of  the  Jtom-  of  hy^ 

hydrog!^  drogon  for  his  unity.  And  in  this  he  lias  beeft 
lEbUowed  bj  Dr*  Henry  of  Manchesfjer^  and  by 
one  or  two  chemical  gentlemea  in  London^ 
But  ilm  method  has  been  rejected  by  almost  all 
the  British  chemi^  aad  by  ali  the  chetnist^' 
without  eoceeptlon,  in  Europe  and  Ameriea*^ 
The  choice  was  unhappy,  for  very  obviouil 
rgalcfns;  U  Because  the  atom  of  bydrogeit  i» 
the  most  diflBouIt  of  all  to  determine ;  and 
chemists  are  not  yet  ali  agreed  about  its  weights 
According  to  Professor  Ber3eiius»it  is  onty 
OO&tS;  while  the  greater  number  of  British 
chemists  consider  it  as  O'l^f  or  twice  as  much 
as  Berzelius's  estimate.  Now»  if  w)e  reckon  the 

atomic  weight  ofliydrogcn  by  unity,  and  commit 
an  error  respecting  its  relation  to  tiiat  of  Other 
bodies ;  diis  error  will  afibct  the  atomic  weig^ 

of  all  other  bodies,  and  will  make  them  all  either 
too  heavy  or  too  light  i  whereas^  it^  we  make 
choice  of  oKygoi  for  oar  unity,  any  error  re* 

specting  the  atom  of  hydrogen  will  be  confined 
to  that  atom,  and  will  not  affect  the  accuracy  of 
the  atomic  weighte  other  bodtes.  ^  Hydro^ 
gen,  so  far  as  we  know  at  present,  combines 
with  but  few  of  the  other  simide  bodies  (  while 
oxygen  unites  with  them  all,  and  often  hi  vari« 
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cl:5  proportions.  Consequently  very  little  ad- 
iiatage  is  gained  by  representing  the  atom  of 
lijrdfogen  by  unity ;  but  a  very  great  one,  by 
representing  the  atom  oi"  oxygen  by  unity. 
Itf  it  reduces  the  greater  number  of  arithmeti- 
di  oper«ttdiit»  mf^ectitig  th6s6  bodied  t6  the 
aMdon  of  unity;  and  we  see  at  once,  by  a 
|iaoe  of  the  eye,  the  number  of  atoms  of  oxygen 
vUcfa  enter  into  combination  with  the  various 
hoihe&,  Xhusy  if  the  atom  of  manganese  be  re- 
pNMted  by  and  the  weight  of  the  vaiiouii 
oxides  of  that  metal  be  as  iullows  :  ... 


1  Suboxide 

4 

2  Protoxide 

4,5 

3  Deutoxide     ,  • 

5 

4Tntoadd«  « 

B5 

6  Mmginpiotts  •dd  . 

7-5 

Itii  ob\ious  at  once  tliat  the 

Suboxide  ooBteim    ^  atom  oxygen, 

DeaKnddiB  1  \ 

Tritoxide  t  \ 

Mangancsous  acid  3 

Mangane&ic  acid  4 

whereas,  if  we  were  to  make  the  atom  of  hydrp- 
8^  unity,  tbjMp  weights  would  be  as  foUo$ir6 : 

ttanganeae       .      •  SS 
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Protoxide         •  ,  .  .    86    .       -    .  ^ 

Deutox.ide        *  . .  40 

Tritozide     '  •  .  48 

If aaganesooB  add  .  56 

Manganesic  add  '  *  64 

Numbers,  which  would  not  suggest  the  number 
of  atoms  of  oxygea  copUiiQ^d  in  eiicb»  with  tbe 
same  facility. 

toihmiM  •  ^*  knowledge  that  we  are  likely  ever 

beatsfan.  to  acqiuTe  of  the  atomic  weights  of  bodiei»  k 
pjeatpoMi-  ratios  of  these  weights.  Now,  it  is  ob- 

vious»  tiiat  ratios  are  much  more  easily  observed, 
and  much  more  easily  employed,  the  smaller  the 
numbers  are,  by  which  they  are  denoted.  Thus 
the  ratio  of  ^8741  to  116^  is  the  same  as  that 

■ 

of  1  to  5.   But  how  very  inconvenient  would 

the  great  number  of  figures  be,  compared  with 
the  simple  number  1:3.  It  is  therefore  highly 
important  in  chemistry,  that  the  atomic  weights 
of  bodies  should  be  represented  by  the  smallest 
possible  numbers.  Now,  when  we  make  the 
atom  of  oxygen  unity,  the  atomic  weights  of'  all 
bodies  are  represented  by  numbers  eight  times 
less  than  they  would  be  if  the  atom  of  hydrogen 
be  unity.  It  has  been  represented  by  some 
persons,  in  favour  of  the  atom  of  hydrogen  beii^ 
imity,  that  in  that  case  the  atomic  weiglit  of 
every  body  is  a  whole  number^  whereas,  when 
*  oxygen  is  the  unity,  firactions  are  frequently 
unavoidable.  And  these  fractions,  it  is  said,  reu* 
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der  the  atomic  weights  more  complicated  and 
onmanageable,  than  tiie  greater  size  at  tiie  whole 
imi^»er9  deduoed.  .from  hydrogcii  as '  a  UDity. 
But  this  view  of  the  subject  is  quite  en'oneous. 
It  will  be  showu  in:  this  work,  .that .  even  ■  when 
oxygen  is  made  unity,*  nearljrone  half  of  all  the< 
atomic  weights  of  bodies  are :  whole  numbers. 
And  when  iracticms  exist,  they  are  always  either 
0^,  0*S;  or.0*7^  9  except  in  four,  or  five  cases, 
when  the  fraction  is  0'125,  0*S75,'.  or .  0'625. 
If  faydrogen  be  unity  the  atom  of.  manganese,  is 
dS,  while  it  19  St  if  oxygen  be  unity.'  .The  .atom 
cf  barytes  on  the  former  supposition  is  7^* '  on 
the  latter  9i*  -  Now  surely  it  .  will  .  not ,  be  said, 
Aat  the  firactional  numbers  are'  more.'  unwiddy, 
or  more  unmauageable  than  the  whole  numbers; 
wfaiie  in  all  cases  of  .whole  numbers  the  advan-' 
tage  on  the  side  of  the  latter  method'  is  very 
great.  Thus,  it  hydrogen  be  unity,  the  atom  o£* 
QiiHifimi  is  while  if  oxygen  be  unity  it  is 
only  26.    '  •  '    '    ■  .         >  .      •  • 

-  It  was  Dr.  WoUastou  Uiat  first  suggested  the 
npKsmting'of  oxygen  by  unity.  *  Berzelius,  in 
bis  important  invLs ligations,  adopted  this  me- 
thod ;  and  I  did  the  same  dung  in  the  papers 
which  I  wrote  on  die.  Atomic  Theory  in  the  first 
series  of  the  Anuals  of  Philosophy.  In  the 
second  series  of  tlie  Annals,  Mr.  K.  Phihps  has 
gifen  a  table  of  atoms  according  to  the  hydrogea 
scale. 

Vol.  I.  B 
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got-lus.     iV.  For  the  next  step  in  the  progress  ctf  ite 

SIC  a  f}Tt'<^rv 

of  volumes. atomic  theory,  wc  are  indebted  to  Gay-Lussac. 
In  the  second  volume  of  the  Memoires  lyAr- 
cueil  published  in  1809f  diere  appeared  a  paper 
by  that  acute  chemist,  On  the  Combinalmi  €^ 
'  Gaseous  JSubsiances  mih  each  oAer.^  In  this 
paper  he  diows  that  the  gases,  consideied  in  re- 
spect of  their  volumes^  unite  witii  each  other  in 
a  very  simple  manner**Kine  volume  of  one  gas 
either  combining  with  one  volume,  witfi  two  ro^ 
InmeSy  or  with  half  a  volume  of  the  other.  Thus 
one  volume  of  carbonic  add  gas  combines  with 
one  vohime  and  with  two  volumes  of  ammonia* 
cal  gas  J  fluoboric  add  gas  combines  witii  one 
volume  and  with  two  volumes  of  ammoniacal  gas; 
protoxide  of  azote  is  a  compound  of  one  vo- 
lume azotic,  and  half  a  volume  oxygen  gas ; 
deutoxide  of  azote  of  one  vdume  of  asotic,  and 

one  v'ohime  of  oxygen  gas,  &c.  He  |)i  o\  ed  also 
in  the  same  paper,  tiiat  when  gases  unite,  the 
alteration  of  vdume  which  they  sustain,  is  wL 
ways  very  simple.  Deutoxide  of  azote  is  com- 
posed ol  one  vdume  of  azotic,  and  one  volume 
of  oxygen  gas  united  wiAout  altention  of  vo^ 
lume.  Carbonic  acid  is  composed  of  one  volume 
carbonic  oxide,  and  half  a  vdume  of  oxygen  gas 
condensed  into  one  volume,  ke. 

This  very  important  view  of  the  way  in  wliich 
gaseous  bodies  unite,  threw  a  new  and  unex- 

•  Pag.  207. 
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pected  light  on  chemical  CQmbinationB.  It  has 
iWDliibuled  very  mateoalfy  to  mmfUfy  and  per* 
fiMt  the  mode  of  analyzing  compound  gaseii  It 
agreed  admuai^ly  with  the  views  of  Mr«  Daiton« 
et  fiajTrJUifisac.  jhiota  ia  hii  paper;  and  aught 
have  been  employed  by  him  in  his  investigationB  i 
afid  would  have  enabled  him,  had  the  specific 
pwnlty  id  gefleouii  bodiea  been  more  aocunitety 
icDown,  at  the  time  when  he  wrote,  to  have 
determined  the  atomic  weights  of  the  acidifiable 
enfaBOBtihiee  much  more  aceniaojr  then  h6 
did.  But  Mr.  Dalton's  first  volume  was  piib« 
hafaedt  and  probably  the  greater  part  of  his  se> 
end  ▼olome  printed*  before  he  had  ao  eppoctib 
nity  of  seeing  Gay-Lussac's  paper.  And  when 
he  did  see  it,  instead  of  welcoming  it  as  an  inw 
peitaDt  addition  to  his  own  views,  he  set  Uau 

tetf  to  show  tliat  Gay-Lussac*s  opinions  were  HI 
founded*  But  the  subsequent  researches  of 
flKflMets  ham  left  no  doubts  about  their  accura* 

cy  ;  and  if  Mr.  Dalton  still  withholds  his  assent, 
be  ic^  I  heiieve,  ibe  only  living  chemist  who 
dees  ea 

V.  When  Professor  Berzellus  of  Stockhohu  fnvesdgji. 
thought,  of  writing  his  elementairy  treatise  ond&mric* 
Oiemistry,  the  £nt  vefaune  of  whidi  was  pob-itlif^ 
Inhed  at  Stockholm  in  1808,  be  prepared  him* 
self  fiur  the  task  by  readii^  several  chemical 
works,  which  do  not  commonly  lall  under  the 
eye  of  the  chemist    Among  others,  be  read  tlie 
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writings .  of  Hichter,  and  .was  very  much  struck, 
«Uh  the  eaqphnation  thai^e  '^ven;'of  the  fa^mpo- 
sition  of  salts,  and  the  precipitation  of  metals  by 
each  other.  It  followed  irom  tlie  researches  of 
Biditery  that  if  .we  are  pbssesMid'of  good,  analy- 
ses of  certain  salts,  we  may,  by  means  of  them, 
calculate  .with  accuracy  >  the  compositiou  oil  all 
the  others.  Prafeasbr  Berzelius  fbrnied'iihme^ 
diately  thjS  project  of  analyzing  a  series  oi  salts ; 
with  the:  most  minute  atteiition  .  to'  aocunu^. 
While  employed  in  putting  this  project  in  exe- 
cution, Davy  discovered  the  constituents'  of  the 
alkalies  and  earths;  and  Mr.  Dalton's  theory 
came  to  his  knowledge.  All  this  enlarged  his 
views  as  he  proceeded,  and  ioduqed  him  to  em- 
brace  a  much  wider  field  than  he  liad  originally 
contemplated.  His.fiist  analyses  were  uusatis-; 
factory ;  but  by  repeatiiig  them,  and  varying 
the  methods,  he  detected  errors,  improved  his 
processes,  and  finally  obtained  results,  which 
agreed  exceedmgly  well  with  the  theoretical 
calculations.  These  laborious  investigations 
seem  to  have  occupied  him  several  years.  The 
first  knowledge  which  we  obtained  of  them  in 
this  countiy,  was  in  consequence  oi  the  publica- 
tion of  a  letter  addressed  by  Berzelius  to  M. 
B«thollet,  in  the  77th  volume  of  the  Annales 
dc  Chimie^  about  the  begioning  of  the  year  1811. 
In  this  letter  he  gives  an  account  of  his  methods 
ui  analyses,  t^ogether  with  the  compositiou  oi'  47 
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compound  bodies*;  ,He  .shows  that  when  a  me^ 
laffic  prolo^ulpharet  is:  converted  iinto  a  sid-^ 

pliate,  the  sulphate  is  always  nieutral  ;  that  an 
atom:  of.  sulphur  is  twice  as  heavy  as  an  atom  of 
oxygen;  and  that  when  sulphite* of  Iwytes  is 
converted  into  sulphate,  the  sulphate  is  neutral 
there.  being. no, excess ^  either  of  acid  or  base: 
Am  these^-and  many  other  important  facts,  he 
anally  draws  this  conclusion :  In  a  compound 
ftnned.by.the'.uhion  .of  two  ondes,  the  onef 
which  (when  decomposed  by  the  galvanic  bat-*^ 
leiy)  attaches .  itself  to  the  positive  pole  (the, 
acid»  for  example,)  contains  %  3, 4^  5^  ftc.  timek 
as  much  oxygen,  as  the  one  which  attaches  itseU* 
to  the  .negative  pole,  (the  alkali,  earth,  or  me- 
tadSc  oxidey.  Berzelius'  Essay  itself  appeared 
ill  tiic  third  volume  of  the  Afhandl'mgar  i  Fysik^ 
Kemi  och  Mhteralogie,  printed  at  Stockholm  in 
I810,  .whem  it  occupies  114  pages.  *  A'  truida-' 

tion  of  it  was  inserted  almost  immediately,  in  Gil- 
bert'a  Anaakn  der  Fhi/sikfSLad  in  the  Afimks  de 
Omme  ;  but  no  English  translation  of  this  most 
important  paper  has  ever  been  given  to  the 
public.  In  1815,  Berzeiius  applied  his  views 
to  file  mineralldngdoin.  His  Essay  was  piib- 
lished  in  the  fourth  volume  of  the  Af hand- 
lingar^  and  an  EngUsh  translation  of  it  by  Mr. 
Back '  was  soon  after  '  printed.  And  some 
years  after,  Berzelius  himself  got  a  French 
translation  of  it  published  in  The  .fifth 
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vdune  of  the  Af  bandlingar^  pab&hed  in  1818» 
id  almost  fflldl  With  papers  on  the  Wf6e  subject 
by  BerzelitiBfc  His  papers  on  the  subject  in  that 
taltmie»  amounting  to  nfaio-i-iand  all  of  thein^ 

especially  the  two  last,  are  exceedingly  important. 
The  whole  of  these  papers  have  appeared  in  the 
Genhaii  Journals  ^  and  the  greater  nnmW  ijf 
them  m  the  French  and  British  Journals.  In 
the  6th  vohime  of  the  Af handlingaTt  and  in 
several  of  the  latter  vbldmea  of  the  Memoires  of 
the  Stockholm  Academy,  this  indefatigable  ex^ 
]MiimeiltQr  has  proaeoiited  the  subject  still  fiur^ 

ther.  To  him  we  arc  indebted  for  a  much 
gi-eater  number  of  accurate  analyses  than  to  the 
whole  chemical  worid  put  together*  It  is  qtiits 
needless  to  observe  how  much  the  labours  of 
fierzelios  have  contributed  to  the  establishment 
of  Ae  alxmii^  theory,  and  the  immense  progress 
which  the  science  has  in  consequence  made* 
lii  ihet,  we  may  abdost  say  that  it  was  by  him 

that  tlic  theory  was  established.  His  analyses, 
in  point  of  accuracy,  infinitely  surpass  all  those 
wMch  had  preceded  him.  He  has  embmeed 
every  department  of  ciiemistry  witli  equal  ardour, 
aiid  every  dqiartment  lies  under  the  deepest 
obligations  to  his  indefatigable  industry  and  pro* 
found  sagacity; 

scale  of 

''""^^  Philosophical  Transactions,  a  description  of  a 
aynoptical  scale  ok  chemical  equivalents  by  Dr. 


woiiaston .    VL  In  the  year  1814,  there  appealed  in  the 


Digitized  by  Google 


HISTORICAL  IMTRODUCTION.  23 

WoUastoo*  In  this  paper  we  have  the  eqiiiva^ 
Jests  or  afeomio  mgfate  of  7^  difieraat  bodiei^ 
deduced  chiefly  from  a  sagacious  comparison  of 
the  pievious  analytical  experiments  of  others^ 
mi  dmost  all  of  them  coecttdingly  near  die  - 
truth.  These  numbers  were  laid  down  upon  a 
JUiDg  rale  by  meaoa  of  a  table  of  logartthnut 
jmI  over  agafaist  ibem  Ae  nanes  of  the  tab*^ 
tfin^  By  meana  of  this  rule,  a  great  many 
kipivtaiit  qxml&BBfB  leBpedang  the  tttbttaaces 
contained  on  the  scale  may  be  solved.  Hence 
the  scale  is  of  great  advantage  to,  the  practical 
chemist,  and  of  coune  ought  to  be  found  in 
every  laboratory.  It  will  give,  by  bare  inspec- 
tioBt  the  constituents  of  all  the  salts  contained 
da  it,  Ae  qnantity  of  any  other  ingrediefrt 
necessary  to  decompose,  and  the  quantities  of 
the  new  constituents  that  will  be  formed.  Th^ 

contrivance  of  this  scale,  therefore,  may  be  con- 
adered  as  an  important  addition  to  the  atomic 
tbeory.  It.rendefed  diat  theory  every  where 
iainiLiar  to  all  those  who  employed  it.  To  it 
da^sAy  we  owe,  I  believe,  the  .currency  of  that 
theoiy  in  Great  Britain;  and  the  prevalence 
ot  ibe  mode  which  Dr.  WoUaston  introduced, 
namdy,  of  representing  the  atom  of  oxygen  by 
unity,  or  at  least  by  ten,  which  comes  nearly  tOp^^.^^ 

the  same  thing.  ^tmStSLm 
VII.  In  the  year         a  paper  appeared  iniwt««aiiiie 

the  (jtii  volume  of  the  Annals  o(  Philosophy  weigtm. 
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hy  D^.'Pironty  On  the  Rektion  between  the!Speu 

icific  Gravities  of  Bodies  in  their  Gaseous  State 
and  the  Weights,  of  .their:  Atoms^V.  .This  paper 
displays  "a  degree .  of  sagadty  that  has  .addom 
been  exceeded  in  chemical  investigaUooSy  and 
shows  clearly' that  the  author,  if  he  chose,  might 
rise  to  the  highest  eminence  as. a  chemical  phi- 
losopher* He  proves,  in  the  first  place*  that  if  aij: 
be  a  compound,  of  ^ .  volumes .  of  oxygen .  and 
80  of  azotic  gas,  then  tlic  specific  gravities  of 
these  gases  are      '  *  . .  j 

Oxygen  Mill  '     "  ' 

Asotic  .(^9729  ■■'  ^ 

^e  shows  also,  that  the  specific  gravity  of  fay4^<h 
gen  gas  is  0*0694^ :  that  if,  we  reckon  the  atonuc 
weight  of  hydrogen  0*  125,  that  of  oxygen  is 
unity.  .  The  following  table .  exhibits  the  .  num- 
bers which  he  determined  for  several  simple 
bodies — aud  most  of  his  determinations  were  the. 
result  of  direct  and  very  accurate  experiments  :  ^ 


1  Oxygieii 

1 

SAsote 

1-T5 

3  ■H3rdrogen  . 

0-125 

4  Chlorine 

4-5 

5  Iodine 

15-5 

6  Carboa 

0-75 

7  Sulphur 

S  PhoBphonis  • 

1-75 

9CdctiiD  .  . 

2*5 

lOSodinm 

.S 
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11  Iron  ...  3'5 

12  Zinc  •  •       4      .  ' 
15  Potassium    «•  5 

14  Barium'  8*75 

>  .  :        •        .   •  . 

-  He  obsemd  that  aU  these  atomic  waghto 

miiltiples  of  the  atomic  weight  of  hydrogen  : 
indeed^,  that  ail  of  them  are  multiples  of  twice 
hjdrogenj  or  0*fi^  and  ttioBt  of  them'  of  4  hydro* 
g^n,  or  0*5.  He  observed  also,  that  in  general 
die  qpecihc  gravity  of  the  body  in  the.  gaseous 
slate,  may  be  obtained  by  multiplying  its  atomic 
weight  by  0*6Ja5,  or  half  the  speicific  gravity  of 
osiygisn  gas ;  tbecaose  the  atom  of  oxygen  is  le* 
presented  by  half  a  volum^  but  that*  of  most 
other  substances  by  a  whole  volume* ^ 

YIIL  It  was  this'admirable  paper  'that,  satts^  Tnvt>stfc.A_ 
Bed  me  that  new  analytical  investigations  were  ■mte  ' 
still  necessary  to  determine  the  atomic  weights 
of  bodies  with  perfect  accuracy ; .  and  I  formed 
the  prcject  of  attempting  the  investigation'  my- 
self by  diiect  experiment.  This  project  it  ,was 
not  in  my  power  to  commence  ttU  the  summer 
«f  1819,  because  it  was  not  till  the  end  of  the 
preceding  summer  that  the  college  of  Glasgow^ 
to  wUdi  I  had  recently  been  attached, .  could 

furnish  me  with  i\  Jaboratoiy.  Since  that  period 
I  have  devoted  the  whole  of  my  spare  time  to  the 
investigation ;  and  have  resolutely  withheld  my* 
self  iiom  entering  upon  several  rather  inviting 
^ds,  wliich  have  attracted  general  attention.  My 
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experiments  have  been  very  numerous^  amounting 
to  many  thousands.  At  first  my  progress  was 
very  slow;  because  1  was  obliged  to  try  many 
methods  ot  investigation  beibre  I  hit  upon  one 
suffieiently  accorate  fipr  my  purpose^  Bat  I 
found  the  subject  become  easier  as  I  proceeded^ 
mod  at  last  I  acquired  so  much  faciiijty»  thatt 
<liiring  the  last  four  monfbiw  I  have  been 
to  determine  with  tolerable  accuracy  ,  tlie  con&ti- 
tueats  of  at  least  a  bundjed  salts*  My  ficst  ob« 
ject  was  to  satisfy  myself  whether  Dr.  Front's 
Cfiiniony  that  the  atomic  weights  ot  alt  bodies 
m  multiplea  of  tbat  of  hydiiigen>  was  correct  1 
because  the  establishment  of  its  trutli  would  at 
once  give  a  simplicity  to  the  atomic  mimben^ 
which  had  not  been  suspectedt  and  would  place 
the  science  of  chemistry  in  a  new  and  much  more 
advantageous  situation  than  it  bad  ever  oc^ 
cupied.  The  very  numerous  investigations, 
which  will  be  exhibited  in  the  following  pages, 
mkU  I  flatter  myself,  fiilly  establish  the  truth  of 
Dn  Prout's  sagacious  conjecture.  For  every 
sidistmce^  of  which  I  could  procure  a  sufficieiil 
quantity  to  enable  me  to  examine  it  fully,  haa 
been  found  not  only  a  multiple  of  tlie  atomic 
weight  ef  hydrogen  f  but,  if  we  except  a  few 

compounds  into  which  a  single  or  odd  atom  of 
hydrogen  enters^  they  aie  all  multiples  of  0*S$ 
or  of  two  atoms  of  by  drogen« 
After  determining  tU^  atvuuc  weights  oi  ail 
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tke  ailtipk  anfastaiiGe^  aodof  auiny  of  their  cam- 
poBiid%  I  next  wuDisd  to  ojuoBine  tbe  eoin)KNi>» 

don  of  a  considerable  nomber  of  salts,  to  see 
vheiber  any  fatw  vouid  dev^dope  itttM  rapocttqg 
^uontifty  of  wafer  of  orystaUizatioii  wUek 

these  bodi^  frequently  coatam«  IVith  this  view 
a  grat  number  of  satei  were  sidgectlxl  to  expe^ 
ciMiiti  buttiie  only  obTiom result i«r  that  the 

number  of  atoms  of  water  in  salts,  depends  more 
19011  tiie  base  thaa  upon  the  actd :  for  the  aama 

base,  in  general,  affects  neaHy  the  same  number 
of  atoms  oi  water  in  its  ^ts.  iipt  to  this  law 
tliere  are  many  exceptions. 

I  now  present  the  result  of  my  investigations 
to  the  chemical  public  with  considerable  dith- 
dence.   For  though  I  have  been  at  tiie  utmost 

pains  to  ensure  accurate  results  ^  and  often  re- 
peated what  I  considered  as  fundamental  expe- 
limenfB  eight  or  ten  times,  before  I  felt  myself 
finally  satisfied  ;  yet  the  number  of  experiments 
gone  through  is  so  great,  that  it  will  be  won* 
derfol  if,  in  some  cases,  I  have  not  fallen 
into  mistakes.  I  have  made  a  point  of  relating 
mj  experiments  (where  I  thought  them  funda* 
mental)  nearly  as  they  were  made :  because^  as 
I  laid  no  person  to  go  over  my  calculations, 
which  have  been  of  necessity  very  numerous, 
thon^  all  of  the  simplest  kind ;  it  is  very  likely 
that  I  have  not  been  always  able  to  prevent  the 
occurrence  of  some  arithmetical  errors  in  tliem* 
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And  in  all  such  cases  tbe  knowledge  of  the  pri^ 
ginal  experiments  will  put  it  in  the  power  of  the 
reader  to  calculate  for  himself,  and  to  correct  any 
errors  into'whidil  may  have  inadyertently  falleii/ 

The  want  of  this  attention  in  other*writers  has 
sometimes  been  severely  felt  by- me,  ^  when  aa 
aiithmetiGEd  error  was  oonspicuoas,  without  the: 
requisite  data  for  correcting  it,  or 'the  means  of 
knowing  upcm  ]97hat  number  the  toor  had  fallen*. 
Even  the  writings  of  Berzelius,  though  in  gene- 
ral his  numbers  are  very  accurate,  are  not  alwaya 
free  from  this  provoking  uncertainty.* 


I  ■ 
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.        -         '  . 

OF  TU£  ATOMIC  THEORY: 

•  r 
'  T 

Two  opinions  have  divided  philosophers  respect-  OpinioM 
uig  tiie  natnrc  or  the  uiUmate  elements  oi  bodies,  the  tiltiniato 

ever  since^they  l^^ao  to  speculate  on  the  subject*  bote 

According  to  one  party,  these  ultimate  elements 
consist  of  aiamSf  or  particles,  incapable  of  tarther 
dnrision ;  according  to 'another,  matter  is  infinite- 
ly divisible,  and  consequently  no  such  atoms  can 
exist.  These  two  opinions  divided  the  ancients  j 
and*  after,  the  reviyai  o£  science  in  modem  Eu- 
rope, Ave  find  tliem  equally  dividing  the  philoso- 
phical world,  and  splitting  it  into  sects.  About 
the  banning  of  the  last  century,  the  infinite  di> 
visibility  of  matter  was  a  favourite  subject  of  dis- 
cussion in  Great  Britain,  and  seems  to  have  iieen 
onivenaUj  adopted. '  Dr.  Keil,  in  his  Introduc- 
tion to  Natiaal  Fiiilosophy,  devotes  three  lectures 
to  this  subject.  In  the  first,  he  demonstrates  the 
iafioite  divisibility  of  matter in  the  second,  he. 
answers  the  objections  which  have  been  advanced 
against  the  truth  of  the  doctrine;  and  in  the» 
third,  he  gives  a  number  of  examples  of  the  exW 
treme  subtUty  of  matter,  by  showing  how  very 
minute  a  portion  of  ceilain  substances  may.  be 
made  visible  to  the  eye»  or  distinguished  by  the. 
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uibnitf  sense  of  smelling.  Leibnitz,  on  the  other  hand, 
adopted  the  opinion,  that  the  ultimate  elements 

'^'^  of  bodies  are  atoms ;  apd,  to  (obviate  the  mathe- 
matical objections  of  those  who  had  embraced 
the  doctrine  of  the  infinite  divi^bility,  of  matter, 
he  considered  these  atoms  as  onextended*  But 
numerous  absurd  consequences  were  still  deduci- 
UeiiYMn  tiiis  oigiima  Leibnitz,,  which  were 
finany  obviated  by  Botcovich ;  who  consideiied 
the  ultimate  elements  of  bodies  to  be  composed 
of  uoextended  ateaM;  but  denumstiated,  in  a 
most  ingenious  manner,  from  the  law  of  conti* 
Bttity,  that  mutual  contact  between  these  aton% 
or  the  bodies  which  they  constitute,  is  impossi* 

Hb  view  ble.    According  to  the  theory  of  Boscovich,  the 

iTpl  ktert  and  ««*  ««plete  «d  iageniou.  .hid. 
has  been  Utbeeto  oftrad  to  the  public,  bodies 
are  composed  of  unexteoded  atoms,  indivisible 
and  bomcgienemiB,  possessing  fiuces,  which  al« 

temate  from  repulsive  to  attractive,  according  to 
the  distance.  This  dieoiy  has  been  viewed  in  a 
fiMTourable  light  by  some  of  the  most  eminent 
philosopliers  who  have  appeared  since  the  The* 
oria  Naturahs  of  that  mathematician  was  pub- 
Kdied.  The  opinion,  that  the  ultimate  principles 
of  bodies  are  atoms  which  are  iiK^apable  of  im* 
Aer  division,  seems,  chiefly  ua  consequence  of 

the  authority  ot  lioscovich,  to  have  become  the 
prevailing  opinion  among  the  pbilosi^ers  of  the 
present  tioK, 
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SI 


With  respect  to  the  notion  entertained  by  Bos- 
covich,  that  the  ultimate  atoms  of  bodies  ace 
iMmipgeiieocH^  we  are  Incapable  at  present  c£ 

deciding  whether  it  be  well  or  ill  founded.  It 
knot  likely  that  any  o£  these  ultimate  elements 
kn  eter  came  nnder  our  inspediM,  AU  our 
simpie  bodies  are  most  probably  compounds.  It 
ifl  po^ibie  that  the  ultimate  elements  ot'  bodies 
may  be  very  few^— it  is  even  ooooeivable  that 
they  may  be  reduced  to  two ;  bat  in  what  way 
ali  the  variety  of  bodies  with  wtnoh  we  are  ac« 
ifOiinted,  could  be  produeed  fiom  one  angb 
kind  of  elementary  body  or  atom^  I  cannot,  for 
my  wwn  part,  form  any  ooQcqptkm* 

If  the  fttoms  of  bodies  be  ineapabk  of  farther 
diTision  or  diminutionj  it  seems  requisite  that  we 
Aoold  adopt  the  opinm  of  LeibnitZy  that  these 
steitts  are  unextended.  This  notion  involves 
us  in  a  maze  of  metaphysical  subtiltieSy  through 
which  Boaoovich  has  piloted  Us  way  with  infinite 
address.  But  snch  discusskms  being  quite  unsuit^ 
able  to  a  system  of  chemistry,  or  to  the  science 
nf  cfaemislry  in  its  praent  states  it  will  be 
better  to  avoid  them  altogether.  By  ^^^^^^^ 
thra,  in  the  following  pages,  I  would  be  under-  atom  inUiU 
stood  to  floean,  the  nitimafe  pactides  of  which 

anv  hody  is  com])03ed,  without  considering  whe- 
tlier  the  iarther  division  of  tiicse  particles  be  pos- 
lible  or  not  They  difo  from  each  other  in 
weight }  but  whether  this  difference  be  owing  tq 
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a  tlinci  ence  in  their  size  or  specific  gravity,' or  of 
both  together^  I  do  not  enquire. * 
'  ^  The  ^vradgfats  altadied  tathe  Atoms  of  bodies* 
aud  dfeduoed  from  the  combinations  into  which 
they  eiitor»  merely  express  the  ratios  of  the  atomic 
weights,  and  bare  no  reference  :wbatever  to  the 
size  or  specific  gravity  of  the  atoms  to  which  they 
ani  attached.  .  •  *  •  .  i 

If  a  bodv  be  simple,  it  seems  reasonable  to  be- 
lieve, that  its  atoms  or  ultimate  particles,  are  in- 
capable of  farther  tdiminuition  or  division ahd 
consequently,  that  the  supposition  of  the  exis- 
tencd  of  half  atoms  imrolyes  an  absurdity.  >  Not- 
withstanding this,  I  have  in  certamhas^  in- the 
following  pages,  admitted  the  possibility  oi  one 
atom  of  one  body;  uniting  with  one  and  a  haliv 

or  with  half  an  atom  of  another  body.  This  ad- 
mission has  been  viewed  by  many  persons  as  im- 
proper and  absurd,  and  as'  even  involviiig  an 
impossibility.  I  need  hardly  observe,  that  we 
can  get  rid  of  these,  half  atoms  with  the  greatest 
ease,  by  merely  doubling  the  numbers  represent* 
ing  the  constituents  of  the  compound.  Thus,  if 
an  atom  of  iron  weigh  3*5,  and  ah  atom  of  oxy* 
gen  1,  and  if  we  consider  it  as  absurd  to  mcw 
per(mde  iron  as  a  compound  ot'  1  atom  of 
iron,  and  1 1  atom  of  oxygen  ;  we  have  only  to 
double  3-5,  aud  1*5,  which  are  the  two  consti- 
tuents of  peroxide  of  iron.  By  so  dcmig  we  get 
7=8  atoms  of  iron,  and  3=3  atoms  of  oxygen^ 
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and  the  peioxide  of  iron  will  be  &  eompomid  of 
2  atoms  irooy  and  8  atom  oxygen. 

It  is  by  no  means  unlikely^  that  this  last 
sethod  may  lepretent  the  true  compoaitioii  oC 
diis  oxide*  and  of  the  other  compounds  into 
vhkh  half  aa  atom  of  oxygen,  or  of  an  add  or 
lM8e»  jfipeais  to  enter.  Nevertheleas^  I  have  been 
induced  to  represent  the  compound  in  the  first 
way  rather  than  tlie  second ;  because  it  gives  us 
naaller  and  aimpler  nombera*  and  enables  US' 
better  to  see  the  connection  between  the  com-- 
pound  iu  questiouy  -and  other  compounds  ot  the 
nme  eonstitueota.  If  we  lepraaent  the  atomiov 
we^ts  of  ijTon  and  ii^  oxides  ds>  ibllowsy 

Iron  .  S*5 

Protoxide  of  iron  .  4*5 
Pcnttkle  of.  iron  5*0 

ve  see  al  ^  glanpe  that  th^  protoxide  is  a  coni- 

poiind  of  1  atom  iron  +  1  atom  oxygen  y  aiul 
that  tiie  oxygen  iu  the  peroxide  is  to  that  in  the 
proC0xide^  as  S  to      But  if  we  represent  these 

atomic  wi^i^iits  by 

Iron  •  .  ,  S*5 
Protoxide  of  iron  •  4-5 
FenModeof  inn  10,0 

by  doubling  jdie  jnnmber  of  atoms  in  the  perox* 

ide,  the  relation  between  the  oxygen,  in  the  two 
oxides  of  frofy  ia  imich  leas  ei^nt  For  the 
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sake  of  these  advantages^  which  I  ooiisider  aa 
considerable,  I  have  been  induced  to  iairoduce 

half  atoms  in  obtain  cases.  But  I  would  not 
be  understood  to  support  the  abstract  idea  of  tbs 

possibility  of  the  existenc  e  of  half"  atoms ;  but  to 
have  been  actuated  bj  the  aiithmeticai  iaciiitiea 
derived  from  the  method  which  I  have  adopted. 
Thoso  who  prefer  theoretical  considerations  to 
all  such  facilities^  haye  only  to  doable  the  atomic 
weight  of  all  bodies  contaimng  half  atoms^  and 
l^ey  will  get  rid  oi'  the  anomaly.  The  substances 
containing  a  half  atom  of  oxygen  do  not 

amount  to  more  than  7*  A  few  occur  contain- 
ing halt  an  atom  of  sulphur,  and  a  few  contain- 
ing half  an  atom  of  acid. 

Though  the  word  aiom,  according  to  etymo- 
logy, and  indeed  accordjing  to  its  us^al  accepta- 
tion, implies  a  particle  incapable  of  farther 
diminution  or  division,  I  have  been  induced,  for 
the  sake  of  shortness,  to  apply  it  in  the  following^ 
pages  with  more  latitude.  When  it  is  applied 
to  the  ultimate  particles  of  simpie  bodies,  it  is 
taken  in  its  usual  and  strict  acceptation;  but 
when  it  is  applied  to  a  compound  body,  it  is  to 
be  understood  aa  synonymous  with  integrant 
particle.  Thus,  an  atom  of  iron,  may  be  con- 
sidered  as  implying  an  ultimate  particle  oi  tiiat 
metal  \  but  an  atom  of  pxotazide  of -iix»  roeraa 
merely  an  integrant  particle  of  protoxide  ot  ii  on, 
which  i&  a  compound  of  I  atom  of  iron  aud  I 
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atom  of  oxygea  I  comeyieDtty  contains  ia 
reality  two  atom*   I  have  seldom  applied  the 

term  atom  to  any  of  tlie  salts ;  but  if  it  were  so 
applied,  it  would  denote  a  substance  oootaining 
a  considerable  miiid)er  of  atoms.  Thus,  an  atom 

oc  Lniegraiit  particle  of  sulphate  of  auuiiotnat  is 
cmposedi^ 

I  atmti  sulphuric  acid  5 
1  atom  ammonui  .2-125 
}  atom  itttcr  1*125 


An  iategranl  parftide  of  sulphuric  acid  coutfltos 

4  atoms ;  an  integrant  particle  of  ammonia  con- 
tains 4  atoms ;  and  an  integrant  particle  of 
water  contains  2  atoms.  So  that  an  atom,  or 
integrant  particle  of  SLil{)luite  oi'  ammonia  con- 
fains  no  fewer  than  10  atoms. 

I  doubt  no^  that  this  loose  mode  of  applying 
the  term  atom  will  a])pcar  to  many  ol  my 
readers  an  improper  liberty*  juid  quite  inconsis*^ 
tent  witib  the  pfecision  necessary  in  chemical 

discussions.  But  my  reason  ibr  doing  so  was, 
that  I  am  of  opinion,  that  we  are  not  at  present 
acquainted  with  aoy  truly  simple  bodies.  All 
oiij  Simple  bodies  are  most  probably  compounds  j 
and  many  of  them  may  be  iifterwai^ds  c^com-^ 
pounded  and  reduced  to  more  simple  principles 
by  the  iiiture  laboui  s  uf  chemists.  If  this  opinion 
betnie^  I  could  not  have  employed  the  term 
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atom  at  all,  or  at  least  I  could  not  bare  qiplied 

it  to  any  of  the  bodies  with  which  we  are  at 
present  acquainted*  This  consideration  appears 
to  have  induced  several  of  the  most  distinguished 

chemists,  bot!i  in  tliis  country  and  in  France,  to 
discard  the  term  atam  alt<^ether.  Thus»  Dr. 
WoUaston,  instead  of  aHom^  employs  the  phrase 
cliemical  equivalenl,  and  Sir  H.  Davy  employs 
the  term  jwraporUoru  But  I  did  not  see  any 
reason  for  being  so  squeamish.  The  word  aiam 
is  more  convenient»  shorter,  and  more  distinct 
than  any  other  word  which  I  could  think  of. 
And  when  it  is  understood  to  signify  merely 
ifUtgraiU  particle  oi'  tiie  substance  to  which  it  is 
applied,  it  cannot»  I  think*  have  any  tendency  to 
mislead  the  reader. 

.      Mr«  Dalton,  in  the  account  of  his  atomic. 

theory,  which  he  gave  to  the  public  at  the  end  of 
tiie  first  volume  oi  his  New  System  of  Chemical 
Philosophy,  employs  some  terms  which  have 
gradually  got  into  general  use,  and  which  there-. 
Binai^  ter.  |Q|.g  rcquire  to  be  explained  here.  These  terms 
?3<Iid-  are  binary^  ternary ^  quaternary,  &c. 

1  Mom  «rA4- 1  ahn  of  Ba  1  ■tonof  C;a  Hamj  compeund. 

S  im  of  A  ^  1  Hon  ofSs  1  olonorE^slnrDary 
1  tfom  of  A  -f-  S  atono  of  B  s  1  Modi  of  F,  •  qiiatamary 
Somaiof  A't"  ^        of  B«  laiomof  Q,«quilBmiy,  Afe 

Thus,  protoxide  of  iron  is  a  binary  coinponml, 
composed  of  1  atom  of  iron  +  X  atom  of  oxygen.. 
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Carburetted  hydrogen  is  a  termri^  compound; 
composed  of  1  atom  carbon  and  %  atoms 
bydrogcn  :  deutoxide  of  azote  is  a  ternary  coin- 
poundy  composed  of  1  atom  azote  and  ^  atoms 
oxygen.  Ammonia  is  a  quaternary  compound,  . 
consisting  of  1  atom  azote  and  3  atoms  Iiydro- 
gen sulphuric  acid  is  a  quaternary  compound, 
composed  of  1  atom  sulphur  and  S  atoms  oxy- 
gen. Nitrous  acid  is  a  quinqiLenury  compound, 
OHnposed  of  1  atom  azote  and  4  atoms  oxygen. 
Nitric  acid  is  a  sesienary  compound,  composed 
of  1  atom  azote  and  5  atoms  oxygen.  After 
these  illustrations  tlie  terms  septenary^  octomryf 
kc*  win  be  understood  without  any  farther 
explanation. 

Mr.  Dalton  lays  down  the  following  rules,  by  Mr.  Dai> 
which  he  thinks  we  should  be  guided  in  our^*^'^^ 
opinions  respecting  chemical  synthesis. 

(1.)  When  only  one  combination  of  two 
bodies  can  be  obtained,  it  must  be  presumed  to 
be  a  binary  one,  unless  some  cause  appear  to 
the  contrary.  ^ 

(2.)  When  two  combinations  are  observed, 
tliey  must  be  presumed  to  be  a  binary  and  a 
tcrMfym 

(3,)  When  three  combinations  are  obtained, 
we  may  expect  one  to  be  a  binary  and  Uie  other 
two  ternary* 

(4.)  When  iuur  combinations  are  observed, 

C3  * 
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we  should  expect  one  to  be  hiiiari^^  t^vu  kmUrJi^ 
aod  one  qmlemsury^  &€. 

.        A  binary  compOuDd  should  be  alw&ys 

specifically  heavier  tliau  the  mere  mixture  of  its 
two  ingredieutfi* 

(6.)  A  ternary  compound  should  be  ^>teifi'- 
cally  heavier  than  the  mixture  of  a  binary,  and  a 
^ple^  which  would,  if  combiaed^  constitute 
it; 

5th  and  6th  With  Tospect  to  tiiese  rules^  the  first  lour 
iitit.  s^ppear  uDexceptionabie,  unless  the  third  should 
be  objected  to  %  but  the  fifth  and  the  nxth  d». 
^ot  appear  to  be  warranted  by  a  review  of  tlie 
Qoibpounds  with  which  we  are  bcquaiiitedt  com- 
pared with  their  constituents.  It  is  in  general 
tni^  that  when  two  substances  umte»  Uxey  foria 
a  eowipOuod  whoie  &pe<^e  gravity  is  greater 
than  the  mean  of  that  of  the  two  constituents. 
But  to  this  there  are  many  exceptions.  Deutoxide 
of  asote  has  precisely  the  mean  spedfic  gravity 
of  the  two  constituents.  It  has  been  demon- 
strated by  Gay-Lussac,  that  it  is  composed  of  a 
Volume  of  oxygen  gas  und  a  ydume  of  azotic 
gas,  united  together  without  alteration  of  bulk. 
One  volume  protoxide  of  azote  +  i  volume  of  ox^ 
ygen  gaa  united,  will  form  9  volumes  of  deutoxide 
of  azote  j  so  that  in  the  act  of  uniting,  an  ex- 
pansion instead  of  a  contraction  takes  place. 
The  specific  gravity  of  an  alloy  6f  ^  atoms  tin 
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and  1  atom  lead  ought  to  be  9**321  j  but  it 
iDOimts  onljr  t»  8'&17>  showing  tfaftt  an .  expaa- 
am  has  attended  amdo  thdad  idetab^  in- 
^  oi  a  coDtractioo. 

^  fieizeUttSy  in  hia  diifertiit  -papen  upon  the  Bmiiot* 
Uomic  theory,  and  especially  in  his  Essay  on 
tklheory  of  Chemical  Proportions,  has  mad& 
vifiakit^  vith  the  ndea  that  guided  him  m 
tlie  conclusions  which  he  has  drawn  respecting 
h  alQBuc  weighta  of  the  diffisreot  bodiiea,  and 
ttt  mxakuT  df  atbina.  of  which  the  compound 
kniiiisare  composed.  The  moat  important  of 
Aoe  laws  are  the  fsUbwi^g : 

(1.)  One  atom  of  A  may  combine  with  1,  3^ 
\  &c  atoms  ot'  B.  We  do  not  know  the  limit  f 
teitiarely  paaaea  S  atoms.- 

(t)  Two  atoms  oi  A  may  combine  with  3 
^iom  of  fik  Bat  this  is  a  mocfa  rarer  case  than 
tke  ^needing. 

(3.)  When  an  acid  and  a  base  unite,  the 
«9gBD  in  the  add  is  a  mnitipto  of  that  ia  tbe^ 

The  only  exceptions  to 
^law,  exist  in  the  combinations  ot'  pbosplioriCf 
*itiie^  and  oitnc  ^cidt  with  bases. 

(K)  Oxides  containing  only  1  atom  of  oxygen, 
united  to  1  atom  of  base»  have       weak  affi- 
for  acids* 

(^0  Oxides  with  2  atoms  of  oxygen  have  very 
itioag  affiaitiea  for  acids. 

(6.)  Oxides  with  3  atoms  ol'oxygen  have  weak 
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n&mtifis  ior  acidAi   Some  of  tUem  pootets  iather. 

the  properties,  of  ^ids  than  of  bases* 

(70  Mpst  acids. contain  diatonw  of  (xgfgeo'; 
but  some  contain  ^,  4,  5»  6,  8  atoms.  '  .  : 
The  first  two  ot  these  laws.  are.  unexcep- 
tinoable;  being,  mesdy  a  Btaternent  of  what 
every  person,  who  has  attended  to  the  combioa- 
tions  of  atofDS  with  each  other*  muat  haYa  ob- 

The  third  . ,  Xlic  thixd  law  is  not  so  obviously  just,  and  will 
vcrsaiiy  tequiro  Bome.conbidenitiou  before  it  canbe  adopi* 
ed.  Tiiu  greater  number  of  the  alkaline  bases, 
as  will  appeal*  Iroiu  the  ibUowing  pages,  contain 
0Sily  1  atom  of  oxygen :  and  tbe  *neiitral  salts 
being  compounds  of  1  atom  acid^  and  1  atom 
bas^  it  is  dear  that  in  all  of  them,  the  oxj^gen  of 
tbe  acid  be  a  multiple  of  the  oxygen  of  the 
base,  because  every  number  is  a  multiple  of 
unity.  Hence  every  acid»  whether  it  contain  1, 
3,  or  more  atoms  of  oxygen,  must,  in  fact,  con- 
tain a  number  ot'  atoms  of  that  principle,  equal 
to  the  oxygen  in  the  base,  multiplied  by  the 
number  of  atoms  of  oxygen  in  the  acid.  This 
must  necessarily  be  the  case,  because  the  oxygea 
ill  every  addtalways  amounts  to  a  whole  number 
of  atoms.  Berzelius,  indeed,  considers  almost  all 
salifiable  bases  as  containing  two  atoms  of 
oxygen.  But  lie  represents  the  neutral  salts  as 
compounds  of  1  atom  base,  and  two  atoms  acid. 
Now*  whatever  the  number  of  atoms  of  oxy-* 
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gen  may  be  which  an  acid  contains,  it  is  obvious 
tiiat  the  double  of  it  must  constitute  an  eveu 
mimber,  or  a  mitnber  divinble  by  %  and  coiiie* 

querttly  a  multiple  of  J. 

As  fai*  then  as  the  neutral  salts  are  amcerned, 
Bmrinia'a  law  ^xprenes  nothing  more,  ihaii  tiist 

tlic  salifiable  bases  are  mostly  protoxides — a  pretty 
Aanarkable  fact,  tliough  iierzelius  himself  was 
not  aware  of  it.  Even  in  the  neutral  phosphatei^ 
arseniates,  and  nitrates,  and  in  the  biphosphates, 
bioarscniatesy  and  binitrates,  the  same  law  wiU 
Wd*  It  ia  only  in  the  aubsalts,  and  ih  tfaoBO 
salts  that  contain  peroxides  united  to  an  acid, 
Ihat  we  can  see  whether  this  supposed  law  ot  Ber- 
sditis  be  general  or  not  For  example,  sulphuric 
acid  contains  3  atoms  of  oxygen  :  now,  it  would 
hea  very  remarkable  circumstance  indeed,  if  no 
protoxick  exist,  of  winch  ^  atoms  are  capdila 
ui  uniting  with  1  atom  of  sulphuric  acid.  There 
are  bul^iewsubsaits  known  at  present;  yet  when 
l  eooie  to  treat  of  the  salts,  I  think  I  shall  be 
able  to  show  examples  oi  subsalts,  which  are  in- 
coasistent  with  Berzelius's  supposed  law«  Per* 
oiide  of  iron  is  a  compound  of  1  atom  of  iron, 
and  ii  atom  ot  oxygen ;  consequently,  wiietlier 
it  coobine  with  1  atom,  .li^  atom8»  or  3  atoms,  of 
sulphoric  acid,  it  is  obvious  that  the  oxygen  of 
the  acid  must  be  a  multiple  of  the  oxygen  oi  the 
base:  Por  x  %   But  phosphoric  acid  is 

s  compound  of  1  atom  phosphorus,  and  ft  atoms 
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of  ozygeo.   Henoe»  Berzelius's  law  could  not 

hold  with  perj)hos})l]ate  of  iron,  unless  it  coru 
MAted<»ily  oi  1  atom  peroxide  oi  irou  united  to  3 
atoms  of  phosphoric  acid«  We  Afe  lacquainted  at 
present  wiUi  but  very  few  cotnpoimds  of  peroxides 
ivithacida;  yel»whenl  ccmie  to  traal of  tbe aalta^ 
I  think  I  shiedl  be  able  to  point  out  sbtnie  which 
are  not  combined  according  to  fierzelius'^  law* 
It  vduldi  therefore)  be  extreiiiely  hazardous  to 
employ  tliis  law  as  a  guide  to  enable  us  to  deter- 
mine the  quantity  of  oxygen  united  to  basea. 
TbiSi  BerkeUus  is  frequently  in  the  habit  of  do* 
ingy  and  I  think  it  has  mialed  him  in  a  vaiiety  of 
cases.  These  I  may  peiiiaps  notice  more  partii» 
cularly  herehfler. 
4th  :Hh,and    Berzeiius's  fourth,  fifth,  and  sixth  laws,  are 
fotmdeii  on  founded  entirely  upon  his  own  peculiar  views  re* 
li^'tV Bcr- specting  atomic  conibinatious,  and  caimot,  there* 
*^hu%  serve  as  guides  to  us*   iio  far  from  being  oi' 

opihioh  that  the  combinations  of  1  atom  base,  and 
1  atom  oxygen,  constitute  weak  alkaline  bodies, 
I  consider  them  as  the  strot^est  of  all :  for  the 
fixed  alkalies,  alkaline  earths,  and  most  of  the 
metallic  oxides  whicl)  constitute  salifiable  basest 
belong  to  this  class  of  bodies. 

To  the  oxides  which  Berzelius  considers  as 
composed  of  1  atom  base,  and  1  atom  oxygen,  I 
^ve  tlie  name  of  suboaideSf  and  believe  them  to 
be  compounds  of^  atoms  base,  and  1  atom  oxy« 
gen«   They  have  but  a  weak  affinity  for  acids  f 
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though  most  of  them  combine,  at  least,  with 
jDuhatic  add.  Hitherto^  onljr  a  few  of  these 
SDboxides  have  been  noticed  by  chemists,  though 

it  is  likely  that  they  wiii  increase  considerably 
hereafter* 

It  is  unnecessary  to  make  any  observations    fair  in 

upon  Berzelius*s  seventh  law  ;  it  expresses  mere-  prediou 
l^ius  opinion  respecting  the  composition  of  acidd^ 
It  the  viem  which  I  have  given  in  the  Ibllowing 
pages  be  entitled  to  any  conhdcnce,  it  v/iti  be 
seen  that  eleven  of  the  acids  contain  three  atom^ 
of  oxygen  J  natnelyy 

1  Oxalic        4  Arsenic       7  Succinic      10  l  ungstic 

2  Salphuric    5  Molybdic     8  Bdi/oic       11  Fluoboric. 

3  Chromic      6  Acetic        0  i:*  ormic 

Six  cootain  only  (me  atom  of  oxygen ;  namely, 

I  Silica  3  HypoealphuroiM       5  Cokunbic 

S  Fh<Mphorous  4  Oxide  of  teUurium    6  Fluoric. 

Twdve  contain  two  atomd  i  nanldy» 

« 

1  Carbonic      4  Sulphurous  7  Selenic        10  Uraiiitic 

2  Bora<  ic        5  Titanic        8  Antimonic    11  Uric 

3  Phofiphoric  (j  Arsenious    g  Molybdous  12  Fluosilicic. 

Two  oontain  four  atoms  ^  namely» 

Manganesic  and  citric 

Three  contain  iK  e  atoms  ^  namely, 

Hypoiulphuricj  tartaric^  chloric. 


» 
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Ooe  contains  seven  atoms ;  namely. 

Perchloric; 

And  one  eight  atoms  i  viz* 

m 

Saclactic. 

rin^c^  by  4.  I  sliall  now  briefly  notice  the  considerations 
LnJd^  by  iiirhich  I  have  been  regulated  in  the  following 
amho^Jj^  investigations,  and  by  which  I  have  bcea  led  to 
reguhuid.  ^p^j2  atomic  numbers  contained  in  this 
work. 

(1.)  The  only  useful  information  respecting 
the  atoms  of  bodies*  which  we  are  likely  to  ac- 
quire, is  that  of  the  ratios  which  these  weights 
bear  to  each  other.  Hence»  the  smaller  tliQ 
numbers  employed  to  represent  these  atoms,  the 
more  useful  will  they  be  to  the  practical  chemist. 

(^.)  Neutral  salts  (that  is,  salts  which  are  nei- 
ther acid  nor  alkaline)  are  probably  composed  of 
1  atom  of  acid  united  to  1  atom  of  base.  W  iien 
the  salt  has  acid  qualities,  it  is  probably  a  com- 
pound of  1  atom  base,  and  more  than  1  atom  of 
acid.  When  it  possesses  alkaline  qualities,  it  is 
probably  a  compound  of  1  atom  acid,  and  more 
than  1  atom  of  base :  but  to  these  rules  there 
are  many  exceptions.  Some  adds  have  not  the 
property  of  neutralizing  the  bases,  m  however 
great  a  proportion  they  are  combined  with  tliem. 
This  is  the  case  with  boracic  acid ^ven  a  com- 
pound of  8  atoms  of  boracic  acid,  and  1  atom  of 
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soda,  poflseasea  alkaUne  characters.   We  cannot» 

therefore,  determine  the  proportion  between  the 
atoms  of  acid  and  base  in  the  borates,  by  their  neu^ 
trality.  Thesame  thing  holds  with  the  alkaline  car- 
bonates,  which  always  possess  alkaline  properties 
¥rliatever  be  the  number  of  atoms  of  carbonic 
add  they  contain.  On  the  other  hand,  there  are 
several  bases,  as  the  oxides  of  cop[)cr  and  zinc, 
which  do  not  destroy  the  acid  properties  oi' acids 
in  how  great  a  proportion  soever  they  be  combined 
with  them.  Such  salts  alway  redden  vegetable 
blues*  and  possess  certain  characters  denoting  the 
presence  of  an  acid. 

(3.)  The  weights  of  certain  acidUiable  bases 
were  determined  by  their  relaUon  to  oxygei^ 
Thus  it  was  found  that  d  of  sulphur  is  capable  of 
combining  with  1,  %  and  3  of  oxygen.  Hence,  it 
was  conduded,  that  ^  represents  the  atomic 
weight  of  sulphur,  and  that  the  atomic  weights 
oi  tiie  compounds  oi  sulplmr  and  oxygen  ore, 

AMMO  tVlJUBV. 

1.  %  sQlplmr  +  1  oxygen      3  hjrposulphiiroiu  add. 
S.   8  +2  B  4  sulphurous  acid, 

i.   2  +3  =5  sulphuric  acid. 

In  like  manner,  U*7.0  carbon  unites  with  1  and  2 
oi'  oxygen.  Hence  0*7^  represents  an  atom  of 
carbon,  and  the  atomic  weights  of  the  com- 

pouudii  oi  carbon  and  oxygen  are, 

1.  075  onrbon  4*  I  oxygen      1*75  cerbonic  oxide. 

2.  +  9  M  2*75  anrbonic  add. 
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1*7^  aa^ote  combioeii  with  1,2,3,^5  of  oxy- 
gon* H011OC 

!•   1-75  asote  +  1  oxygen  =  8*75  inrotoKide  of  azoAe. 

S.    1*75          +8  (9  5*75  deotozideofasoCe. 

S.    1*75          +8  a>  4*75  hyponitroiw  add. 

4.  1'75           +4  ee  5*75  nitrous  acid. 

5.  1*75          4"  ^.  6*7^  oi^icackL 

(4.)  After  detei  miaing  in  this  way,  the  atomic 
wdghts  of  some  c£  the  moftt  common  and  impor-. 
tant  acids,  I  examined  the  neutral  salts  which 
these  acids  formed  by  uniting  with  tlie  salifiable 
bases,  and  determined  the  proportion  between 
the  weights  of  the  acid  and  base  in  each.  From 
this  I  deduced  the  atomic  weight  of  the  base. 
Thus,  knowing  that  the  atomic  weight  of  sul- 
phuric aciil  is  t5,  and  that  sulphate  of  potash  is  a 
xompouud  of 

Solphuric  add  5 
Fotaah  6 

II 

I  ^ew  a^  a  conctuaioot  that  the  weight  otf  an 
integrant  particle  of  sulphate  of  potash  is  11, 
and  that  an  atom  of  potash  weighs  C.    By  this 
inetbod»  I  determined  the  atomic  weights 
most  ofthe  salifiable  b  as  es. 

(5.)  I  now  combined  some  ot  th^  most  com- 
mon and  important  of  these  salifiable  basen  with 
the  other  acids — thus  forming  a  new  set  of 
neutral  salts.   These  were  ^ajyzed  with  great 
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aae,  and  tiie  ratio  between  the  acid  and  base  in 
them  determined.  From  this  I  deduced  the 
atomic  weights  of  the  other  acids.  Thus,  know- 
ing tluit  the  atomic  weight  of  soda  is  and  that 
Deutral  anhydrous  acetate  of  soda  is  composed 
of 

Acetic  acid  6'25 
Soda  4 

10*25 

I  drew  as  a  conclusion,  that  10*^  represents 

the  weight  of  an  integrant  particle  of  anhydrous 
acetate  of  soda,  and  that  (i*^  is  the  atomic 
mght  of  acetic  add. 

hi  this  way,  the  atomic  weights  of  all  the 
sddi  and  bases  were  determined  from  neutral 
nits,  and  they  represent  the  ratios  in  which  the 
acids  and  bases  saturate  each  other,  expressed 
iQ  the  smallest  numbers  consistent  with  the  no- 
tion, that  the  atomic  weight  of  oxygen  is  unity. 

The  methods  employed  to  determine  the  ato- 
anc  weights  of  the  simple  bodies,  of  which  these 
wads  and  bases  are  composed,  will  be  under- 
stood by  perusing  the  different  chapters  of  the 
Mowing  work. 
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CHAP.  III. 

OF  THE  SPECIFIC  GRAVITIES  OF  OXYGEN 

AND  HVDKOGEN  GASES. 

It  is  only  of  late  years,  that  the  great  impor- 
luice  of  aQ  accurate  knowledge  of  the  specific 
gravities  oi  the  gases  has  been  fully  appreciated. 
Tliree  different  sets  of*  expehnients  on  the  sub*  E«peri- 
ject  have  been  laid  before  the  public.  The  first  rady  nmi» 
was  by  Biol  and  Arago,  which  was  pubUshed  in  ,m„e  tw 
the  Memoires  de  rimUlute,  for  1806,  p.  3^.  ^"""^ 
They  give  a  table  of  the  specific  gravity  of  a 
few  oi  the  most  important  gases,  and  describe 
the  processes  by  which  they  were  determined. 
The  next  was  a  paper  inserted  by  me  in  the 
iCth  volume  oi  tlie  Annais  of  Philosophy.  It 
contained  the  specific  gravities  of  28  gases. 
The  experiments  were  made  with  every  precau- 
tion which  I  could  think  of,  to  secure  me 
against  mistakes  i  and  I  believe  them  to  come 
as  near  the  truth  as  we  can  reach,  with  our  pre* 
sent  means  of  operating.  The  third  set  was 
by  Messrs.  Berzelius  and  Dulong,  and  published 
in  the  Armales  de  Chimie  et  de  Physique^  for 
1S20.*  Tiiey  determined  the  specific  gravity  of 
oxygen,  hydrogen,  carbonic  acid,  and  azotic 

•  VoL  XVL  p.  m 
Vol,  L  D 
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gases  with  great  care»  and  gave  a  table  of  the 

specific  gravit\'  ot"  tjl  bodies,  calculated  from 
these  data,  and  the  doctrines  of  Gay-Lussac, 
respecting  the  mode  in  which  gases  combine. 
These  results  of  Berzelius  and  Duloiig  differed 
so  much  fr<^  mine  as  to  excite  my  surprise ; 
while  the  well  known  accuracy  and  dexterity  of 
these  gentlemen  naturally  induced  me  to  dis* 
trust  my  former  results^  and  to  endeavour  to 

verify  them  by  new  experiments.  After  a  good 
many  fatiguing  trials  made  with  every  pre- 
caution that  I  could  think  of,  I  was  unable 
to  find  any  flaw  in  my  former  results,  or  to  re- 
concile them  with  those  of  Berzdius  and  Du- 
long.  I  was  satisfied  that  I  could  not  approach 
any  nearer  tiie  goal  by  the  duect  road.  But 
another  method  of  proceeding  occurred  to  me, 
susceptible,  I  thouglit,  of  an  unlimitcil  approxi- 
mation to  the  truth.  This  method  applied  only 
to  oxygen  and  hydrogen  gases.  But  these  bo- 
dies constitute  the  keystone  of  the  building. 
And  were  their  specific  granties  once  deter- 
mined with  precision,  we  are  enabled,  by  means 
of  the  atomic  theory,  to  determine  with  accu- 
racy the  specific  gravities  of  most  of  the 
other  gases. 

I  propose  in  this  chapter  to  lay  betbre  the 
reader,  a  set  of  experiments  which  seem  to  me 
to  settle  the  specific  gravities  of  these  two  gases, 
without  any  error  which  can  much  exceed 
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tbt  ten  thousandth  part  of  the  whole.  The 
iocttnicy  of  the  process,  indeed,  is  only  limited 
by  the  delicacy  of  the  balance  made  use  of  in 
tbe  expeHments.  And  my  balance  enabled  me 
to  weigh  to  vithin  less  than  one  hundred  thou- 
sand part  of  the  weight* 

It  has  been  demonstrated  by  Gay*Lu8$ac  and 
Oimboldt,  that  water  is  :i  compound  of  oxycfen 
aod  hydrogen  gases,  in  the  proportion  ol  one 
Tohime  of  the  former,  to  two  volumes  of  the 
l*tter.  It  occurred  to  nie  tlmt  by  a  very  careful 
an^ilysis  of  water,  the  relation  between  the  vo» 
hones  and  the  .weights  of  these  gliseS  might 
Jierhaps  be  determined.  These  experiments 
were  made  by  means  of  zinc,  and  before  their 
ttcoiacy  can  be  appreciated,  it  will  be  necessary 
to  know  the  exact  coui})osition  of  the  oxide  of 
one.  I  shall  therefore  divide  this  chapter  into 
time  sections.  In  the  first  section,  we  shall  de^ 
tennine  the  compasition  of  oxide  of  zinc  ;  in 
tile  second,  tiie  speciiic  gravity  of  oxygen  gas  ^ 
ad  in  the  third,  the  specific  gravity  of  hydrogen 
gas. 

SECT.  I. 

OF  THE  COMPOSITION  OF  OXIDE  OF  ZINC 

I  SHALL  be  under  the  necessity  to  state  in  iixis 

section  a  variety  of  facts,  which  may  seem  at 
&Bt  sight  foreign  to  the  subject  in  view ;  but 
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which  are  requisite,  in  order  to  enable  the  rea- 
der to  judge  of  the  justice  of  the  conclusions 
which  are  to  be  drawn.  Some  of  the  details 
may  appear  needlessly  minute ;  but  I  must  re- 
quest the  reader's  attention  to  them,  because 
they  constitute  the  foundation  of  the  wliole  fa- 
bric which  I  mean  to  build. 

The  zinc  of  commerce  does  not  answer  for 
the  experiments  winch  i  ain  going  to  describe. 
It  is  never  quite  free  from  carbon,  which  has  a 
material  effect  in  increasini;  the  specific  gravity 
of  the  hydrogen  gas,  obtained  by  dissolving  it 
in  sulphuric  acid.   It  contains,  likewise,  small 
quanUties  of  several  other  metals,  and  docs  not 
dissolve  completely  in  sulphuric  acid.  The 
zinc  which  I  used,  was  obtained  by  exposing 
common  zinc  to  a  white  heat  in  a  stone-wai'e 
retort,  luted  to  a  receiver  nearly  tilled  w  itii  wa- 
ter.  At  this  temperature,  the  zinc  is  sublimed, 
and  ficed  iiom  all  its  impurities,  except  a  trace 
of  cadmium  too  minute  to  occasion  aay  sensible 
error  in  the  result  of  the  experiments.  '  The 
zinc  thus  distilled  over,  should  be  melted  in  a 
crucible,  and  poured  upon  the  surface  of  a  clean, 
smooth  sandstone.   We  thus  obtain  it  in  a  thin 
sheet,  which  can  be  easily  broken  into  small 
pieces  to  suit  the  object  m  view. 
tiS^dde    ^1'^  grains  of  this  zinc  were  introduced  into 
«tfiinc.     a  small  green  glass  retort,  the  weight  of  ^  hich 
had  been  previously  determined.    As  much 
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very  weak  but  pure  nitiic  acid  as  was  iUiiy  suf- 
fideat  to  dissolve  the  whole  zmc  was  introduced 
into  the  retort.  As  soon  as  the  metal  was  aU 
dissolved,  a  receiver  was  applied  to  the  retort 
which  was  placed  in  hot  sand,  and  allowed  to  re- 
main till  the  whole  liquid  contents  had  distilled 
over.  The  liquid  in  the  receiver  was  saturated 
mth  carbonate  of  ammonia,  and  boiled  for  some 
time  to  see  whether  it  contained  any  zinc  j  but 
no  precipitate  appeared. 

The  retort,  thus  freed  from  its  liquid  contents, 
was  placed  upon  a  charcoal  fire,  and  kept  for 
about  ail  hour  in  a  dull  red  heat  This  com- 
pletely  decomposed  the  nitrate  of  zinc,  which 
existed  at  first  in  the  retort,  dissipated  the 
nitric  acid,  and  lefl  nothing  behind  but  the 
Mit5  grains  of  zinc,  now  converted  into  an 
oxide.  Being  placed  in  the  scales,  the  zinc,  by 
being  oxydized,  was  found  to  have  increased  in 
weight  5  grains.  Thus,  it  appears  that  oxide 
€f  zinc  is  composed  of 

Zinc  21-25 
Oxygen  5 

26.25 

or,  dividing  each  constituent  by  5  to  bring  them 
to  their  lowest  terms,  of 

Zinc  4-25 
Oxygen  1 

5-23 
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As  zinc  combines  wifli  oxygen  in  only  one 
proportion*  it  is  reasonable  to  oondude  that  the 
oxide  is  a  compound  of  1  atom  zinc  and  1  atom 
oxygen.  If  this  supposition  be  admitted,  the 
atom  of  zinc  is  obviously  4^  times  heavier  than 
the  atom  of  oxygen.  And  if  we  represent  the 
atomic  weight  of  oxygen  by  unityt  then  the 
atomic  weight  of  zinc  will  be  4*95  and  the  in- 
tegrant particle  of  oxide  of  zinc  will  weigh 
5*25  i  or  in  other  words*  5*^  of  oxide  of  zinc 
win  just  saturate  an  integrant  particle  of  any 
acid  with  which  it  is  capable  pf  combining. 
The  law  holds  with  all  acids;  but  I  shall  at 
present  verify  it  only  by  referring  to  three  adds  ; 
namely,  the  sulphuric,  carbonic*  and  arsenic 
acids.  It  will  be  shown  in  the  5th,  1st,  and  7th 
sections  of  the  sixth  chapter  of  this  work*  that 
the  atomic  weights  of  these  acids  are  as  follows : 

Sulphuric  add  •  5 
Carbonic  add  . 
Araenicadd     .  7*75 

Now,  5*95  of  oxide  of  zinc  will  just  saturate 
5  of  sulphuric  acid,  2*75  of  caibonic  acid,  and 
775  of  arsenic  acid;  or  in  other  words,  the 
sulphate ,  cai  bonate,  and  arsemate  of  zinc,  sup- 
posing tiiem  anhydrous,  are  composed  as  follows : 

1.  SULPHATI  OF  Zmc. 

Sulphuric  acid  .  5 
Oxide  of  ziuc    .  6*25 
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£•  CARBONATK  OF  SlNC 

Carbonic  add  .  2*75 
Oxide  of  zinc    .  5-^5 

S.  ARSENIATE  OF  ZINC. 

Arsenic  acid     ,    7*75  ^ 
Oju4eorsiiic  . 

We  shall  verify  this  statement  by  a  rigid  analysis 

oitbssG  throe  saita, 

1«  SULPHATE  OF  ZINC. 

Sulphate  of  zinc,  or  white  vitriol,  is  a  welM^^jJjJ^ 
kaawn  salt  which  crystaUhses  in  beautifully  tran- 
sparent  four-sided  prismSy  tenninated  by  four- 
sided  pyramids  j  or  if  the  crystallization  be  rapid, 
it  assumes  the  form  of  long  slender  white 
needles.  However  carefully  prepared,  it  always 
reddens  vegetable  blues.  But  it  crystallizes  also 
with  an  excess  of  add.  In  that  case»  the  ciys- 
tals  assume  the  form  of  large  flat  rhomboids, 
wlucli  are  not  altered  by  exposure  to  the  air, 
aod  may  be  raised  to  the  temperatuie  of  at  least 
5Q(f  without  being  deprived  of  their  excess  of 
acid.* 


«Indo«M|bt  wiMtelliliailtCMiitftiilM  •  My  imutit  ^edm. 

I  ^  atom  idd  6<08* 

1  Homoiide  54S 
Saftmninlar  MN) 


SO-91 

«>itcoHfatt«roiiealomof  (bepratalijdfale  ofsulpbrn  coadMiMd 
^  «M  nlqpntt  pMklM  of  ifae  nculnl  Mil. 
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18*1^  grains  of  the  neutral  sulphate  of  zinc 
•  were  dissolved  in  distilled  water,  and  precipitated 
by  a  solLitioii  of  carbonate  of  soda*  The  pre- 
cipitate was  separated  iroiu  tlie  liquid  by  means 
of  a  double  filter,  consisting  ot  two  pieces  of 
unsized  and  well  washed  printing  paper,  made 
previously  of  the  same  weight.  The  carbonate 
of  zinc  on  the  filter  was  washed  with  distilled 
water,  till  the  liquid  which  passed  through 
ceased  to  render  muriate  of  barytes  muddy. 
The  filter  was  suspended  in  a  linen  bag  above 
the  sand  bath,  in  a  temperature  of  85*,  till 
it  was  apparently  dry;  and  it  was  finally 
left  for  some  time  in  a  temperature  of  about 
It  was  afterwards  weighed  by  placing 
the  two  filters  in  opposite  scales,  and  adding 
weights  till  the  two  scales  were  exactly  coun- 
terpdsed.  The  weight  of  the  carbonate  of  zinc 
was  exactly  8  grains.  It  was  put  into  a  pla- 
tinum crucible,  whicli  was  covered  with  a  lid» 
and  exposed  for  half  an  hour  to  a  red  heat* 
There  now  remained  5'2d  grains  ot  oxide  of 
zinc. 

Thus  it  appears,  that  18*1^  grains  of  sul- 
phate of  zinc,  in  crystals,  contain  5*25  grauis 
of  oxide  of  zinc.  It  is  still  easier  to  prove  that 
the  sulphuric  add  contained  in  this  quantity  of 
the  salt  weighs  precisely  6  grains. 

But  it  will  be  necessary  to  state,  in  the  first 
place,  that  when  15-5  grams  of  crystaUized 
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iiiiiriate  of  barytes  are  exposed  to  a  red  heat, 
they  lose  grains  of  their  weight,  and  are 
converted  into  ld*£5  grains  of  chloride  of  ba- 
rium. When  ic3"-2.'5  i^rains  of  cliloride  oi'  bunuiu 
are  dissolved  iu  water,  the  solution  contains  just 
9*75  grains  of  barytes.  Now,  9*7^  represents 
the  aioiuic  weiglit  of  barytes,  which  requires  for 
saturation  exactly  5  of  sulphuric  acid.  And 
1475  parts  of  sulphate  of  barytes  contain  just 

o  pans  of  sulphuric  acid. 

A  little  distilled  water  was  put  into  two  small 
cyiindricai  glass  jars,  and  18*1^  grains  of 
crystallized  ■^ul|)liate  of  zinc  were  dissolved  in 
the  one  of  these,  and  13*^  grains  of  ci)loride 
of  barium  in  the  other.  The  two  liquids  being 
mixed,  a  double  decomposition  took  j)Iace,  and 
sulphate  of  barytes  precipitated  in  the  state  of 
a  white  powder.  This  precipitate  being  col- 
iected,  washed,  dried,  and  heated  to  redness, 
weighed  14*75  grains,  and  therefore  contained 
exactly  5  grains  of  sulphuric  acid.  A  few 
drops  of  the  colourless  liquid  from  which  this 
sulphate  bad  precipitated,  were  put  into  a  watch 
glass,  and  a  small  quantity  of  muriate  of  barytes 
mixed  with  it^  but  it  did  not  become  in  the 
least  muddy  or  even  opal  coloured,  showing  that 
it  contained  no  sensible  quantity  of  sulphuric 
acid.  For  I  find  that  1  grain  of  glauber  salt 
(containing  0*^469  grain  of  sulphuric  acid)  dis- 
solved in  ld,000  grains  of  water,  is  sensibly 
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|>recipitated  by  muriate  of  barytes.  Hence  it 
is  dear,  that  in  the  present  expehment,  the 
quantity  of  sulphuric  add  remaining  in  the 
liquid  could  not  amount  to  ^niuv  of  a  grain. 
Indeed,  as  the  quantity  of  liquid  never  amounted 
to  1000  grains,  the  sulphuric  acid  remaining  in  scv  - 
iution,  could  not  be  so  much  as  ttii^tit  of  a  grain. 
Another  portion  of  this  residual  liquid  being 
mixed  with  sulpliate  of  soda,  was  not  in  tlie 
least  altered,  showing  that  the  liquid  contained 
no  sensible  portion  of  barytes.  Thus  it  appears, 
that  the  barytes  from  13*25  grains  of  chloride 
of  barium,  or  15*5  grains  of  muriate  of  barytes, 
just  saturate  the  sulphuric  acid  in  18'125  grains 
of  sulphate  of  ziuc.  Hence,  tliis  acid  just  weighs 
6  grains. 

We  see  therefore,  that  in  neutral  sulphate  of 
sine,  5'25  paits  of  the  oxide  are  combined  with 
5  parts  of  the  acid ;  which  was  the  thing  to  be 
pioved.  These  two  constituents  added  together 
make  10*^,  which  subtracted  from  18-1^ 
leave  7*875  for  the  quantity  of  water  of  crystal- 
lization. It  will  appear  afterwards  that  this  is 
equivalent  to  7  atoms  of  water.  Sulphate  of  zinc 
in  crystals,  then,  in  composed  of 

1  atom  sulphuric  acid  5 
1  atom  oxide  of  zinc  5*25 
7  atoms  water        •  7*87^ 


lS-185 
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So  that  18*125  is  the  weight  of  an  integrant 
paitide  ok*  the  crystailiaed  salt  It  was  the 
knowledge  of  this  that  induced  me  to  make 
choice  ot  18*125  grains  of  the  salt*  My  first 
expertments  were  made  upon  a  much  larger 
quantity ;  but  I  have  often  repeated  them  with 
18*1^  grains,  and  obtained  the  result  just 
atsteiL 

If  the  solution  of  neutral  sulphate  of  zinc  be^^ 
concentrated  too  much,  it  depositeSy  while  still 
kot,  an  opaque  crust  upon  the  bottom  of  the 
vessel.  Til  is  cnist  is  very  white,  not  so  soluble 
in  water  as  the  crystals,  and  has  not  tl^  lea^ 
q>pearance  of  crystallizatiott.  It  is  neutral* 
though  it  reddens  vegetable  blues  like  the  pre- 
ceding salt;  and  being  analysed  in  the  same  way 
as  tbecryatallfssed  sulphate,  was  found  composed 
of 

I  atom  sulphuric  add  5 
1  atom  oxide  of  sine  5*S5 

3  atoms  water        .  3-375 

13-625 

So  that  an  integrant  particle  of  it  weighs  13*62d» 
and  it  differs  from  the  crystals  in  containing  only 

3  atoms  of  water,  instead  of  seven. 

The  white  vitriol  ol'  the  Germans  consists  of 
this  second  salt,  while  the  sulphate  of  zinc  man- 
ufactured in  Great  Britain  consists  of  the  for- 
mer.  The  German  wiute  vitriol  contains 
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per  cent,  of  water,  while  the  £htish  sulphate  of 
sine  contains  43*44  per  cent 

2.  CABBOMATE  OF  ZINC. 

One  of  the  experiments  related  wliile  givingr 
the  analysis  c£  sulphate  of  zinc,  is  sufficient  to 
show  the  proportion  of  carbonic  acid,  which 
combines  with  5*25  parts  of  oxide  of  zinc.  For 
18*1125  grains  of  sulphate  of  zinc,  when  decom- 
posed by  carbonate  of  soda,  yielded  a  precipitate 
which,  after  being  well  washed  and  dried  in  the 
temperature  of  S12%  weighed  8  grains,  and 
\\hen  ex])Oiiud  to  a  red  heat,  was  reduced  to 
grains.  These  8  grains  were  carbonate  of 
zinc.  The  carbonic  acid  was  dissipated  by  the 
red  heat,  and  the  oxide  remained  pure.  We 
that  5*25  of  oxide  of  zinc  are  converted  into 
carbonate  by  uniting  with  2*^5  grains  of  caibo- 
nic  acid. 

When  carbonate  of  zinc  is  dried  in  the  open 

air,  without  exposure  to  any  artificial  heat,  1 
have  obtained  it  composed  as  follows : 

1  atom  carbonic  acid  2*7 
1  atom  oxide  of  sine  5*85 
S  atoms  water  jl*85 

10-25 

SO  that  an  integrant  particle  of  it  weighs  10*S5. 
But  Uie  water  is  very  easily  dissipated — indeed. 
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SO  much  so,  that  it  is  not  easy  to  dry  this  car- 
bonate without  sustaining  at  least  a  partial  loss 
€f  the  water.  But  I  have  more  than  once  suc- 
ceeded in  getting  it  with  the  exact  atomic 
proportions.  The  carbonate  of  zinc  occurs  in 
tiie  nunend  kingdonit  sometimes  anhydrous,  and 
sometimes  containing  1  atom  of  water. 

3*  ARSEKIATE  OF  ZINC. 

This  salt  was  obtained  by  the  following  pro-  oratsedaie 
cess:  18*1£5  grains  of  the  crystallized  sulphate 
of  zinc,  and  20*7«5    grains  of  arseniate  of 
soda  were  dissolved  in  separate  portions  of 
distilled  water,  and  the  two  solutions,  after  being 
well  mixed,  were  evaporated  lo  dryness,  and 
the  diy  mass  digested  in  distilled  water.  A  dou- 
ble decomposition  took  place,  and  arseniate  of. 
zinc  separated  in  ihe  state  of  a  gelatinous  looking 
matter,     fieing  washed  and  dried  in  the  open 
sir,  ft  constituted  a  white  powder,  weighing 
grains.    But  when  heated  to  redness,  the  weight 
was  reduced  to  13  grains.   By  a  careful  analysis 
of  this  salt,  I  found  that  its  constituents  were 

i  atom  arsenic  acid  7*75 
1  atom  oxide  of  ainc  5*25 
8  atoms  water  9*0 

S8-0 

It  would  be  easy  to  increase  tlie  number  of 
these  examples;  but  those  given  are  sufficient 
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to  show  that  tlic  atomic  weight  of  oxide  of  zinc 
is  5*259  and  that  it  is  a  compound  of  4*^  zinc 
and  1  oxygen*  And  this  bding  the  only  obie&t: 
in  view,  we  need  not  at  present  proceed  any  iar- 
thar* 

SECT.  IL 

OF  TH£  SPECIFIC  GRAVITY  OF  OXYGEN  OAS* 

■ 

Various  statements  of  the  specific  gravity  of 

this  gas  have  been  publisliecl  by  diflereiit  clie- 
mists.  The  following  table  exhibits  those  which 
have  been  generally  considered  the  roost  to  be 
depended  on. 

of  ' ^  *       •       Saussure,  Ann,  de  Chim.  LXXI.  p.  269. 
MJSnSM*  I'lOS  Bidtand  Arrago^  Mem.  de  rinadtat  1S06, 

p.  320. 

1*0S9  Allen  and  Pepys.  Phil  Tram.  1S07- 

1*1117     •       Thomson,  Annals  of  Philosophy,  XVI.  p. 
1*1026     .       Berzelius  and  Dulong,  Ann.  de  Chim.  et  de 

Phjs.  XV.  386. 

It  would  be  impossible  to  decide  which  of 

these  determinations  deserves  the  preference. 
The  experiments  were  all  made  witli  care,  and 
no  doubty  sufficient  precautions  were  taken  to 
have  the  gas  in  a  state  of  purity.  I  sliall  there- 
fore proceed  to  relate  the  attempts  which  I  have 
made  to  determine  the  specific  gravity  of  oxy- 
gen gas  in  quite  a  different  way. 
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A  hundred  grains  of  distilled  zinc  were  put  Method  of 

It  1       Ml     1      ?  1  (Ifteniiin- 

mto  a  small  retort,  neaily  hlieu  with  a  mixture  ing  uic  true 
ef  one  part  of  sulphuric  acid,  and  four  parts  ot'S^''^' 
distilled  water,  llie  beak  of  the  retort  was  im- 
mediately plunged  into  a  water  trough,  and  the 
hydrogen  gas  evolved»  was  received  into  a  gra^ 
dusted  glass  jar.  After  an  intenral  of  twent7 
four  hours,  when  tlie  whole  zinc  had  been  long 
dissolved,  and  the  apparatus'  and  its  contents 
had  acquired  the  temperature  of  the  room,  the 
hydrogen  gas  evolved  was  measured.  The  ex- 
periment was  twice  repeated,  and  the  quantity 
of  gas  obtained  in  both  cases  was  exactly  the 
same.  The  thermometer  during  both  experi-. 
ments  stood  at  48^.  The  barometer,  during  the 
first  experiment,  was  at  80  inches  j  but  during 
the  second,  at  £9*6  inches. 

The  volume  of  gas  extricated  in  the  Arst  ex* 
periment  was  137*08  cubic  inches.  In  the  se- 
cond experiment,  100*18  grains  of  zinc  were 
dissolved,  and  the  volume  of  the  gas  extricated 
Was  l3y'^S4i  cubic  inches.  Now,  when  we  make 
Ae  necessary  corrections  fi>r  the  height  of  the 
barometer,  and  the  excess  of  zinc  dissolved,  the 
quantity  of  gas  evolved  is  reduced  to  137*08 
cubic  inches,  as  in  the  first  experiment. 

These  t^vo  experiments  give  us  the  volume  of 
hydrogen  gas  evolved  during  the  solution  of 
100  grains  of  pure  zinc  in  dilute  sulphuric  acid* 
But  the  gas  was  saturated  witJi  moisture  at  the 
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■ 

temperature  of  48"*.  Had  it  been  dry,  its  volume 
would  have  been  only  135*4755  cubic  inches.* 
At  the  temperature  of  6(f,  185*41755  cubic 
inches  of  gas  become  138-7551  cubic  inches.t 

Thus  it  appears*  that  when  100  grains  of  aine 
are  dissolved  in  dilute  sulphuric  acid,  the  hydro- 
gen gas  evolved,  supposing  it  perfectly  dry,  and 
supposing  the  barometer  to  stand  at  SO  inchee* 
and  the  thermometer  at  ()()",  amounts  to 
138*7551  cubic  inches.  Now,  it  has  been  de- 
monstrated long  ago,  by  Lavmmer,  that  the  hy«- 
drogen  gas  thus  evolved  is  derived  from  tlie 
water  with  which  the  sulphuric  acid  is  diluted* 
A  ])orlion  of  this  water  is  cieconi])i)SLHl ;  its  oxy- 
gen unites  to  the  zinc,  and  converts  it  to  an 
oxide,  while  the  hydrogen  makes  its  escape  in 
the  state  of  gas.  The  other  constituent  of  tlie 
water,  then,  the  oxygen  has  united  to  the  zinc* 

«  Let    &8  prenure  of  almoiplMre  s  30  inches  metcuiy* 

eleiiiciiy  of  vepour,  el  48^  ss  0*351  iacbet  mcremy. 
«  s  voliime  of  dty  gee  at  48R> 
It  hee  been  ebown  by  Delton,  tfiet 

•  ^'  J    =  137-08.  Conttequently 

137-08/1-.  137-08/        ,  ,  .     ^         .  ,  .  . 

« »  '  eoa  (eabetitutiiw  for  «  and  J  their 

4064S65 

«  =  —   =  1354755  cubic  iadies. 

f  n«a  the  experiments  of  Guy-Limec  we  leem,  thet  eir  end  ali  geeea 
inereeee  in  bulk  part  for  even  det?ri*v  i  aJin  nhtit's  tltermcMneler. 
Hence  at  60*,  Uie  volume  of  the  gas  is  greater  tlian  at  48°.  Now, 
^  of  1^54705  is  3-8796w  Addiiig  this  to  13S-47lk5^  the  vohune  be* 
138-7^1  cubic  inchce. 
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But  it  it  were  in  the  gaseous  state,  we  know 
that  its  vohmid  would  be  just  half  that  of  the 
hrdrogen  gas,  or  69'Srrf5  cubic  inches.  Thus 
11  appears,  that  UX)  grains  of  zinc,  when  con- 
mted  into  an  o(adde,  omie  with  69*3775  cvM€ 
inche?  of  oxygen  c^as. 

But  Irom  the  iacLs  established  in  the  last  sec- 
tioD,  it  is  evident)  that  ICQ  grains  of  zinc»  when 
converted  into  an  o.xidc,  combine  with  U3'5Q,94f 
grains  of  oxygen.*  Hence^  the  weight  of  69-3775 
caWc  inches  of  oxygen  gas  is  «8*5«94  grains. 
Consequently,  100  cul^ic  inches  weigh  33*915 
grains.t 

From  the  experiments  of  Sir  George  Shuck- 
burgh  Evelyn  we  learn,  that  100  cubic  inches 
of  dry  common  gir,  under  the  same  pressure, 
and  at  the  same  temperature,  weigh  dO%5  grains. 
And  the  spcchic  gravity  of  conunon  air  being 
always  reckoned  unityt  it  is  obvious  that  the 
specific  gravity  of  oxygen  gas  must  be 

Tiius  we  have  obtained  by  a  very  simple  pro* 
cess^  wMcb  does  not  seem  liable  to  any  uncer- 
tainty, the  very  speciflc  gravity  of  oxygen  gas 
which  Dr.  Prout  deduced  from  the  supposition, 
that  air  is  a  mixture  of  four  volumes  azotic,  and 
one  volume  oxygen  gas  and  which  I  adopted  in 

*       graioi  of  sine  uake  witfa  1  gnoA  of  oacjrgtni  Aod  4*'S5  :  1  : :  100 : 

t  For  09-3775:  23-^^  :  :  100  i  33  915.  . 
t  For  3(M  :  aS'SIS  -.sis  MUX  nearly. 
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the  last  edition  of  my  System  of  Chemistry,  and 
in  mjr  Essay  on  the  Specific  Gravity  of  the  Gases, 
If  compare  the  table  at  the  begining  «f  this 
section,  with  the  spccilic  gravity  now  (bund,  we 
will  perceive  the  raults  of  the  diflere&t  ejqperi* 
mentera  as  follows 

•  I.  • 

SaflMure's,  too  high  by  .   yf^th  part 

Biot  and  Arago's,  too  low  by       .    y^rrth  part. 
Allen  aiifl  Pepys's,  too  low  by     •    y^d  part. 
Thomson's,  too  high  by       .       .   y^fd  part- 
'  BcmUtts  and  Dttlong^ily  tiio  low  b|p  j^ih  pnrt** 

There  seems  no  reason  to  doubt  that  Biot  and 

■ 

Arago,  and  Allen  and  Pepys,  took  the  specific 
gravity  of  oxygen  gas  standing  over  water,  and. 
consequently  saturated  with  moisture.  Let  us 
suppose  the  temperature  at  which  their  experi- 
ments were  made  to  have  been  60%  and  let  us  sep 
what  ,  influence  the  presence  of  moisture  roust 
have  had  upon  the  specific  gravity  of  tlieii  gas. 

=;pre88iire  of  the  «tmos|)here,  suppose  30  in.  niiTcury, 
y==elastidty  of  vapour  at  60*^.=0'524  inch  mercury.  ' 
a«Bi»p.gr.  of  dryoKjgen  ga»al*llll,  »  - . 

*=8p.  gr.  of  moist  oxygen  gas  at  , 

It  is.well  known  that  '     <  ^ 

or  CSS -t/ (a  +  6)=  10992.  •    .  I. 

I" 

This  is  nearly  the  mean  between  the  results  of 


« 
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fibtiod  ArogD,  and  Aileu  and  Fepys  ;-*^aus* 
mAmmmi  ngnown,  being  inexceis^  can 
only  be  explained  by  a  mistake  in  the  ' weighing'. 

own,  indeed,  is  accurate  as  far  as  my  balance 
cnid  eoMe  nm  to  go;   The  quantity  q£  oxygen^ 

gas  weighed,  amounted  to  '20  grams,  and  the 
BBiBest  wagfat  I  used  was  i^th  of  a  grain;  con- 
^mHy,  I  coidd  onty  estimate  the  weight  with- 
in fjbth  pait :  tlie  three  fiist  decimal  places  I 
CQoU  depend  on,  but  not  upon  the  fourth ;  ac- 
tti£ngly  the  fourth  decimal  place  was  too  high. 


SECT.  III. 


QtYHB  SncmC  GRAVITY  OF  HYnBOOfiN  OAS. 

» 

X 

Im  a  thin  class  flask  blown/ wiA  a  flat  hot-    '  »^  <^ 

ftrtanda  narrow  cylindrical  mouth,  into  whidiing^espe- 

,  *  ,  dficgravi^ 

toe  extremity  of  a  bent  glass  tube  was  ground,  of  hydro. 
i»as  to  fit.it. accurately.  The  capad^  of  the^"^ 
Ink  was  about  18  cubic  inches ;  the  tube  was  18 
ndies  long,  and  the  diameter  of -its  interior 
CMity  about  the  fifth'  of  on  inch.  Its  two 
extremities  were  bent  nearly  at  right  angles 
^  the  bocfy,  and  turned  difieraxt  wajra  as 

^Cie  represent-  .  <0 


rij  a  being  the  if 
«d  whidi  was  • 


into  the  mouth  of  the  flask.    The  whole 

£S 


Digitized  by  Google 


.    OKYOSN  AND  WrmiMSK  GASES* 

length  of  this  tube  was  flUed  witli  small  frsi^mmtii 

of' fused,  muriate  oi  lime,  except  the  two  extreini- 
ttesy  which  were  stuifad  fuU  of  andianthus^  in 
order  to  keep  the  muriate  of  lime  iii  its  ])luce. 
This  iiask  was  nearly  tilled  with  amuUure  ot  siii* 
phuric  acid  and  distilled  water»  iothe  pvoportiatt 
of  about  lour  parts  of  the  latter  to  one  part  of 
the  totmet*  It  was  aocurateljr  weighed  by  meam 
of  an  excellent  balance,  and  the  weight  of  the 
tube,  with  the  muriate  ot  lime,  was  also  separately 
detemnned.  I  then  introduoed  into  the  flask,  as 
rapidly  as  possible,  a  known  weight  of  distilled 
zinc»  in  fragments  ^  the  tube  with  the  muriate  of 
lime  was  fixed  in  its  moutli ;  and  it  was  immedi- 
ately plungfcd  up  to  the  neck  in  a  large  trough  of 
water  of  the  temperature  of  48%  and  left  in  that 
situation  till  tlic  zinc  was  all  dissolved.  The 
flask  was  then  wiped  dry,  put  again  in  the  hal* 
ahee,  and  the  loss  of  weight  which  it  had  sua* 
t&ined  was  ascertained  ; — at  the  same  time,  the 
augmentation  of  weight  of  the  tube  with  the 
muriate  of  lime  was  determined. 

The  object  of  this  expeumeut  was  to  asoertaiu 
Ae  weight  of  a  given  volume  of  hydrogen  gas  ^ 
for  the  experiments  related  in  tlie  last  secticm 
give  us  the  volume  di^  hydrogen  gas  evolved  diuv 
ing  the  solution  of  a  given  weight  of  einc.  Xt 
was  attended  with  so  many  unforeseen  ditiicul^ 
ties,  that  I  was  obliged  to  repeat  it  ten  tunes  ,be* 
fore  I  became  aware  of  all  the  precautious 
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necessary  to  ensure  success.  Unless  tlie  gas  be 
extricated  very  slowly,  the  muriate  ott*  lime  does 
not  dry  it  sufficieDtly-^indeed,  I  was  oever  able 
to  free  it  completely  from  moisture  ;  but  a  very 
suuple  calculation  gave  me  the  weight  oi  the 
vapour  which  still  adhered  to  it.  The  tempera^ 
ture  ofilic  liquiLl  slioiild  be  kept  as  low  as  po^isi- 
bl^  not  merely  to  moderate  tiie  iermentatioOy 
bat  to  avoid  the  risk  of  sulphuric  acid  escaping 
along  with  the  gas.  When  tlie  flask  was  left  in  the 
air,  the  temperature  continued  to  rise  for  more 
than  an  hour  after  the  experiment  began.  In 
one  experiment  it  rose  from  50''  to  87%  in  anoLhci , 
from  48""  to  81'' :  the  greater  the  quantity  of  zinc 
dissolved,  the  more  accurate  (ceteris  paribus)  was 
the  experuneiit  J  but  the  quantity  was  unluckily 
veiy  much  limited  by  the  small  size  of  the 
ihsk. 

It  will  be  sutiicient  if  I  relate  one  experiment, 
during  which,  all  the  precautions  that  I  could 
think  of  were  taken ;  and  whicfa»  I  have  reason  to 
believe,  was  very  nearly  accurate. 

The  quantity  of  zinc  dissolved  was  143  grains 
—the  eflfervescence  continued  for  M  hours— the 
tempemture  never  rose  higher  than  49°— the 
barometer  stood  at  80*1  incbeSy  and  the  thermo* 
meter  at  49"— the  loss  of  weight  was  4*3  grains. 

it  will  be,  perhaps,  more  perspicuous>  ii^  we 
suppose  that  100  grains  of  zinc  only  were  die* 
solved.    On  that  supposition,  the  loss  of  weight 
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sustained  was  3  grains,  and  the  tube  containing 
the  muriate  oi  lime,  had  increased,  in  weight 
0*163  grains. 

From  the  experiments  related  in  the  laist  sec- 
tion/it  follows,  thAt  tlie  volume  of  hydrogen  gms 
giyen  out  during  the  sohitibu  of  100  gratas  'of 
zinc,  supposing  the  barometer  to  stand  at  301 
inches,  and  the  thermometer  at  49^,  amouots  to 

136-88  cubic  inches.  • 

The  specific  gravity  of  vapour  at  4fff'»  unjler  a 
pressure  of  90*1  inches  of  mercury,  is  0OMd8  % 
and  the  weight  of  the  vapour  contained  in  18(i-88 
cul^c  inches  of  moist  gas,  is  0-005^  x  166^  x 
0*305  gr.i^=0*2225  grain;  but  the  moisture- rd- 
tained  by  the  muriate  of  lime  was  only  0'163 
grain.  It  is  obvious  from  thidi  that  the-  hydiryi- 
gen  still  retained  0-059  grain  of  moisture.  •  . 

If  from  the  weight  lost,  amounting  to  Sgcaiat^ 
we  subtract  this  0-059  grain  for  moistMYv^  •  die 
remainder,  amounting  to  2  grains,  gives  the 
true  weight  of  the  hydrogen  gas  exhaled, /amp* 
posing  it  perfectly  dry.  Now,  from  the  exfleri- 
ments  related  in  the  last  section,  we  know  that 
the  volume  of  this  gas,  under  the  pceftnire  lOf  30 
inches  of  mercury,  and  at  tlie  temperature  of 
60%  is  1387551  cubic  inches.  . .  » 

Oxygen  gas    Thus  it  smpesrs,  that  1387551  cubic  inches  of 
ume«iitatvi-  dry  nydrogcti  gas  (barometer  30  inches,  tliern:io- 
meter  tiO"*)  weigh.  2*941  grains:  cooseqiieatly, 
100  cubic  inches  must  weigh  d*l  19  gnuus.  •  But 
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we  1ki\  e  seen  in  the  last  section,  that  100  cubic 
md^es  of  ^^XS^^        weigh  33'9l^  grains^ 

■ 

This  approaches  so  nearly  the  ratio  of  1:16,  that 
ift.4£av€s  no  doubt  that  the  specific  gravity  of  oxy* 
gen  gas  mexstoAy  16  times  greater  thsn  that  of 
In  drogLii  gas.  ConsequenLly,  the  specific  gravity 
ot'  hydiQg&3L  gas  is  or  O  O694  j  or  exactly 

the '  specific  gravity  already  deduced  by  Dr. 

Prout,  trom  other  considerations,  and  which  I 
abtaiiied  experimentally,  as  may  be  seea  in  iny 
Sssay  M  the  Specific  Gravity  of  Gases. 
•  •■■  Tluit  the  proportion  between   the  specific 
gUviAiea  ot  oxygen  and  hydrogen  gases,  is., that 
cf  16  :  Iv  is  farther  confirmed  by  an.  experiment 
of  flerzelius  and  Duluiig.    They  made  dry  hy- 
ihogeni^ipaw  thjKNi^  a  det^o^uiate  wtfght 
snide  jofi  copper,  heated  to  redness.   T)ie  ^^ter 
thus  ibrined  was  collected  by  meaps  of  dry 
•cUpndeiicf'  oalciiun.'  Tlie  loss  of  weight  sus- 
itiinedc<by  the  oxide  of  copper  gave  £he  weight 
*if  the  oxygen  in  the^  water,  wlule  the  weight  of 
^thehydrDgeo^was  denoted  by  the  difl^ence  be- 
tween the  weight  of  the  water  and  the  oxygen : 
the  mean  ot  three  trials  gave  the  oxygen  889> 
SKl' ike  hydrogen  111.   Now  lU  ;  889  :  ;  1  : 
8OO9 ;  and  as  water  is  a  compound  of  2  volumes 
hydrqgpen  to  I  of  oxygen,  it  fuJiowSi  that  the 

E4 


fi  OXy G£^  H  \  (U^m^  i  ^ 

Sj^i^c  gravity  of  hydrqg^n  is  tq  tjbiit  Qftwygea 
gas  ad  1  :  16-018.*  wr     ,  . 

In  my  experiment,  the  oxygen*  was  nKHre  tilan 
16  times  heavier  than,  the  hydrogen  h^  ar^th 
partr-4n  that  of  fierzelius  and  Dulong  it  Has  a 
little  more.  The  mean  of  both  (which  must  come 
v^ry  Q^s^  the  truth)  giye8  if^.the  £|^fip igvavit^ 
pf  hydroigen  to  that  ot  oxygen  1 ;  l6'0ll. 

That  the  true  specifip  gravity  of  oxygen  gas 
13  1*11  li»  will  be  shown  in  tb«  fiiUi  chapter  of 
ti>js  work.t 

.  The  following  table  exiiibit^  the  most  recent 
specific  graviUes  of  hydrogen  gas  pjrtained  by 

experimeat:  »  . 

iW  oa«  or  nrsKOCcx  gas. 

0  0732       .  .  Biot  and  Aragg. 

•  00(iyi       .  .  Thomson. 

0*0683       .  •  Berzelius  and  Dulong. 

It  is  obvious,  when  we  compare  tiiese  with  the 
above  found  specific  gravity  of  hydrogen  gas, 
which  must  be  exceedingly  near  the  tiutii,  that 

•  Ann.  de  Clxun.  et  de  Pbys.  xt.  389. 
f  T  oupht  to  m<Mition  thai  the  wcleht  of  my  Hask  lilliMi  witfi  the  dBlute 
sHl|)hunc  acid  and  zinc,  was  about  ^JOO  graim,  aiid  that  of  tiR-  tuln  iilled 
wiUi  muriati!  oi  lime,  about  lOCH)  grains.    My  scales,  loaded  witli  double 

that  weight,  turned  sensibly  with  ];^th  of  a  grain.  Hence,  I  consider 
myself  as  certain  of  the  weight  of  tlie  hydrogen  gas  to  as  many  dcdtnal 
places  as  I  hnm  given  in  Hm  tnt,   1  ««i|^Md        to  make  myself  tun 

of  the  acctncy  witfala  xiv^  ^  *  gnln  t^Bttadant  hhI  DtUong  deteiw 
miiMd  the  conqwation  of  water  by  an  cspennwnt  nearly  simibr.  Thnr 
vault  does  not  tally  exactly  witli  mine,  nor  can  I  inatitttte  m  ootopuifOiip 
baoaoaeSNy  do  ootiMit  tha  dflifflwy  of  4Wr  tmlatiffi 
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Brtand  As^s  U  too       by       part^  Ber- 

zclius  and  Dulong's  too  low  by  iljUi  part,— 
wbiie  my  results,  owing  probably  to  a  iortanate 
iccideOi^  am,  in  fir  as  iiiey  go,  quite  correct 
Water  beius:  a  conipoiUKl  of  1  volume  of  oxy-  Comporf- 
gas,  and  £  vobimes  of  iiydrogea  gas,  it  is  ob«  t«. 
fiM^  that  it »  compoied  of  S  parts,  by  weight, 

rf'filXjrgcrt,  and  1  part  of  hydrogen.  There  can 
be  no  doubt  that  water  is  a  neutral  compouud, 
and  that  it  consists  of  an  atom  of  oxygen  tmited 

lu  a  determinate  atomic  quantity  of  hydrogen  ; 
—but  chemists  are  not  yet  quite  agreed  whether 
the  hydrogen  be  1  atom  or  %  atoms.  Sir  U* 
Dav)  and  Rrofessor  Berzelius  consider  the  hy- 
drogen as  amounting  to  two  atoms,  because  tiiere 
sie  2  volumes  of  it  united  to  1  volume  of  oxy- 
gen;— ^for  they  consider  the  volumes  of  these 
gaseous  bodies  as  representing  atoms.  On  the 
other  band,  Mr*  DaUon,  Dr.  WoUastODi.  Dn 
Proiit,  and  indeed  by  far  tlie  greater  number  of 
demists*  Goiisider.  water  as  a  eon^po^nd^  of  1- 
stom  oxygen,  and  1  atom  hydrogen,  founding 
their  opiuiuii  upon  the  well  known  fact,  that  th^se 
two  gases  cannot  be  directly  united  in  any  other 
proportions  than  those  which  exist  in  water* 

If  water  contain  only  1  atom  of  hydi  ogen,  the 
atomic  weight  of  this  substance  is  obviously 
Itb  of  that  of  oxygen,  or  ;  bat  if  that 
liquid  contain  2  atoms  of  liydrogcn,  then  tlie 
atomic  weight  of  hydn^;ea  is  only  0  06^*  « 
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opinions  be  adopted ;  yet  if  we  take  a  view  of 
the  Tadous  compounds  into  which  hydrog«A 
enters;  ^we  can  have  litdoi  hesitatiixi  in  fiidng 

upon  0-V25  for  its  atomic  %¥eight.  A  few  of 
these  compounds  may  ibe  notioed  iu  this  ptacQ. 
The  efidence  of  the  facto  here  atated  wiUt  be 
laid  before  the  reader,  ia  the  subsequecU  db#pr 
tera.of  thiaiwock.  ...  ^     u  *\  ^ni- 

l.  Itw  now  known  that  oxygen  and  hydrogen 
unite  in  two  proportions.  Water  contains  t^if^ 
smallest  quantity,  while  the  deutoxUe  €£,.h|F» 
drogen,  discovered  by  Theuaid,  contains  the 
greatest  quantity  of  oxygen^  The  ^pipp^^ifffl 
€i£  tiieae  bodies  is  aa  ibUowB :        ....  . 

Wsur  tonaola  o£  .   •      1   rf  o-i$a  

Dwiitoude  of  hydngen  4^  a  ,  +  Oa^, 

According  to  this  way  of  stating  ihc^^  oiNtttt^ 
ttientS)  water  is  a  compound  of  1  atom  oxygen, 
and  1  atom  hydrogen;  and  tlie  deutoxide  of 
^^atoms  oxygen  and  I  atom  hydrogen^ '  Bnti'iT 

we*  state  the  constituents  according  to  Berze* 
lius's  views, 

.  Water  coosuts  of    1    +  0*06S5  X  S.or  9  atotna. 
Deiitoxide  of     .14.  0-0625       or  1  atom.     ,  * 

Or,  water  is  a  compound  of  1  atom  oxygen  and 
2  atoms  hydrogen  ;  and  the  deutoxide  of  1  atom 
oxygen  and  1  atom  hydrogen.   Now,  would  it 


Digitized  by  Google 


not  be'ft  singular  anomaly,  if  water,  irhicfaf  ia 
decomposed  with  considerable  difficulty,  should 
eoBiiat  of  1  atom . oKygm •  united  to  d^atoHia 

hvdroii^en,  while  the  deutoxule*,  which  parts  with 
hait  its  oxygen  very  roadily*  consists  of«  1  atotn 
of  oxygen  iioifeed  to  1  alom  of  hydrogen*  Tbia 
is  not  the  case  with  other  compounds.  Bi- 
Mlpfeafe  o£  potaah  may  be  deprtv€»d  of  half  ita 
sulphuric  acid  by  exposure  to  a  atfong  red  he8t<} 
bflltbe  other  haif  (which  constitutes  with  potash 
the  nentfal  componnd)  reaiala  the  highest  tam*> 

pcTatuie  which  we  can  apply.  • 

Hydrogen  unitea  with  azote»  carboni  phoa* 
phorttoi,,  and  aalphur,  aa  well  as  with'  ocx^gen^ 
Mid  with  some  of  these  bodies  it  unites  in  more 
titto  cm  ipioportion.  But  with  none  of  theae 
bodiea^does  -it  ever  comUae  in  a  amaller  pro- 
portion than  0*1'^.  Now,  it  would  be  a  most 
eUnordinary  phenomenon,  if  never  leas  Ahaa  two 

atoms  of  this  sub.staace  w  ere  to  unite  with  an 
atom  ot  other  bodies^  Tiie  following  table  ex* 
htbitai  the  composition  of     variety  of  bodies 

coauining  Jbiydrog^.  . 

!l  \  [>i;i^i.T  V,  ■ 

Ammonia,  composed  of        1*75     azote      -f  O  i2j  X  J 
defiant  gas     .       .       •    0  75    carbon     +  01 25 

C^buretted  hydrogen      .    0*75    +  0-125  X  ft 

Pbotphtiretted  hydrogen  .     1-5  pho^onii  4-  0*ia5 

B|hjd|iqgiintof  phosphatus    1*5    +0*125  X  2 

Sa^metted  bydrogen  2  sulphur    -|-  0<1S5 

1*7^  075,  1-5,  and  ^  repseaent  the  atomic 
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weights  of  aasote,  caiboDt  phoq>horu8»  and  sul*- 

phiir  respectively,  on  the  suppositian  iimt  an 
atom  of  oxygen  weighs  unity.  It  is  obvious 
from  the  tabl^  that  01d5  hydrogen  is  the 
smallest  quantity  of  hydrogen  that  unites  with 
an  atom  of  azote,  carbon,  phosphorus,  or  sul* 
phur.  Now,  if  0*06^  were  the  atomic  weight 
of  hydrogen,  liow  comes  it  that  it  never  unites 
to  any  of  these  bodies  in  so  small  a  quantity  ? 

But  if  Ol^  be  the  atomic  weight  of  hydro- 
gen  aiid  1  of  oxygen,  since  w^ater  is  a  compound 
of  1  oxygen  and  0*1^  hydrogen,  and  is  at  the 
same  time  a  compound  of  1  volume  ox}  gen  and 
i2  vokimes  hydrogen  gases,  it  follows  as  a  con- 
sequence, that  a  volume  of  oxygen  contains 
twice  as  many  atoms  as  a  volume  of  hydrogen* 
So  that  if  we  represent  an  atom  of  hydrogen  by 
a  volume,  we  must  represent  an  atom  of  oxygea 
by  half  a  volume. 

It  is  obvious  that  the  weight  of  an  integrant 
particle  of  water  is  1*12^^  nor  is  this  weight 
altered,  whether  we  consider  it  as  a  compound 
of  1  atom  oxygen  and  1  atom  hydrogen,  or  of 
I  atom  oxygen  and  2  atoms  hydrogen*  For  on 
either  supposition  the  atomic  quantity  of  hydro-i . 
gen  must  be  represented  by  Q*li^« 
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CHAP.  IV. 


OF  THE  ATOMIC  WEIGHTS  AND  SPECIFIC 

GRAVITIES  OF  CHLORINE  AND  IODINE. 

These  two  substances  resemble  each  other  in  so 
amuy  respects,  tba^  they  ought  to  be  classed 
together.  Their  analogy  vitti  oxygen  is  also 
very  striking  j  though  they  difter  likewise  in 
some  circumstances;  the  most  remarkable  of 
which  is  the  property  that  they  have  of  uniting 
with  oxygen,  and  constituting  with  it  an  acid 
rery  similar  in  many  respects  to  the  nitric.  I 
sViaU  treat  oi  each  of  the^e  bodies  in  a  distinct 
section. 


SECT.  L 
■ 

OF  THE  ATOMIC  WEIGHT  OP  CHLORINE,  AND  THE 
SP£CIF1C  G&AVITY  OF  CHLORINE  OAS. 

'  It  haa  been  demonstrated,  that  muriatic  acid 
gas  k  a  compound  of  equal  volumes  of  chlorine 
gas  and  hydrogen  gas,  united  together  without 
aojr  change  of  bulk.  Hence,  the  knowledge  of 
the  specific  gravity  of^dry  chlorine  gas  at  the 
temperature  of  60^,  and  when  tlie  barometer 
stands  at  SO  iiicheo»  will  give  us  t)ie  ratio  be- 
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tween  iJun^  atomic  weigbto  <£  ^Uniin^,  ainL  bjm 

diogen. 

^E^ty  of  Now,  I  took  the  specific  gravity  of  this  gas 
^^'^'i^  three  times  successively,  and  found  it  always 
1*500.*  Many  other  considerations  lead  to  the 
condusioa  that  this  is  very  near  the  truth.  Of 
these  it  may  be  sufficient  to  mention  the  t£bl#> 
lowing : 

1.  The  specific  gravity  of  muriatic  acid  gas 

was  found  by  me  from  an  average  of  three  ex- 
]gjSfU3p^u^  to  J^,,lr£9|4i36i6.»  Now,  the  hpeaSf: 
gravity  of , this  gas  is  a  mean  between  that  of 
qi^lpriiie  ,3^4  hy  drpg^  gases.   Let  , . . 

gr.nf  ehkritie  gM  { 

a  B  sp.  gr.  of  hydrogen  gas  ; 

We  have  '  t  ~  »  l^^SiSGS.  Consequently 


X  =  2-56S7SS  —  0  0694  =«  8'4993SS. 


Now,  2-499333  is  only  ttVt  part  less  than  2'6. 
This  is  a  coincidence  between  the  two  expf^* 
ments  as  near  as  the  nature  of  the  appaiatus 
employed  will  admit  of. 

Gay^LussaCy  iti  a  table  inserted  in  the  first 

volume  of  the  Annalcs  dc  Chimic  cl  de  Physiqi/Cy 
states  the  specific  gravity  of  cldorine  gas  to  be 
2*470.  Now,  if  his  experiments  were  made  with 
gas  prepared  over  water,  as  was  undoubtedly 
the  case,  his  result  appiyiaches  very  nei^ly  to 
mine,  if  we  estimate  the  specific  gravity  of  tbf 
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dtr  gas,  at  vnA  he  Mbvioiii  fitmi  the  following 
simple  calculatioiL  Let 

X  »  ip.  gr.  of  dry  chlorine  gas 

«  =s  sp.  gr.  of  vapour  at  6Cfi  =  0*00772 

p  =  30  inches  mercury 

tiiai 

tizl(;t  +  a)  «  «-47 
...  I  1* 

Tile  solution  of  this  equation  gives  us  .r  =  ^'507. 
Thasit  appears,  that  if  Gay-Lussac  made  his  ex- 
periffltett -at  tbe  tefflperature  of  6(f,  the  true 
specific  gi'avity  of  his  chlorine  gas  was  i2\5C)7, 
If  tbe  temperature  (as  is  most  likely)  was  a  few 
degiees  above  60^»  then  the  true  specific  gravity 
of  the  gas  would  be  exactly  2-5,  and  his  experi- 
Dients  wouU  coiacide  with  my  own. 

We  may  ther^re,  without  hesitation^  adofit 
'2-5  as  the  true  specific  gravity  of  dry  and  pure 
cUonne  sas. 

Jti  uiuriatic  acid  is  a  compound  of  equal 
volumes  of'  chlorine  gas  and  hydrogen  gas,  and  ^"8*» 
as  these  gases  unite  in  no  other  proportions,  we 
^OKlUSi  nesitate  to  consider  muriatic  acid  as  a 
compound  of  1  atom  chlorine  and  1  atom  hy- 
^pqgpi/  The  atom  of  chlorine,  therefore,  must 
Msf  ^e'saine  relation  tatlie  atom  of  hydrc^en, 
tiiat  the  specific  gravity  of  chlorine  gas  does  to 
that  of  liydrdg^  gas.  But  chlorine  gas  is  36 
times  heavier  thtti  hydrogen  gas ;  for  00094  x 
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36  =  £v>.  The  utoinic  weij^ht  of  hydrogen  is 
0*1^.-  Coosequeutiy  that  of  chlorine  i»  0-1^  >c 
36  =  4-5. 

It  is  obvious  too,  that  the  volume  of  chlorine 
gas  bears  the  same  lelattoii  to  the  atom  of  chlo- 
rine that  the  vohime  of  hydrogen  gas  does  to  the 
atom  of  hydrogen.  li\  tlierei'ore,  we  may  substi- 
tute a  volume  of  hydrogen  gas  for  an  atom,  we 
may,  in  like  manner,  substitute  the  volume  of 
chlorine  gas  for  the  atom  of  chlorine* 

I.  It  is  easy  to  show  by  simple  and  -deciiiv^e 
of  experiments,  that  4*5  is  the  true  atomic  weight 
ot*  chlorine.   Of  these,  it  may  be  ^orth  while  to 
state  one  or  two  in  lliis  place. 

1«  An  atom  of  copper,  as  will  appear  here^ 
after,  weighs  4 ;  an  integrant  partiele  of  subw 
oxide  of  copper  weighs  9 ;  and  an  integrant 
partiole  of  black  oxide,  5.  Each  of  these  oxides 
oombines  willi  muriatic  acid.  The  protomuriate 
of  copper  is  white,  and  the  permuriate  greea. 
Both  of  tliese  muriates  crystallize,  and  both  eon. 
tain  water  of  crystallization.  When  the  mu- 
riates of  copper  are  heated  without  the  contact 
of  air,  they  not  only  lose  their  water  of  cryatalli- 
sation ;  but  the  oxide  of  copper,  and  the  muria* 
tic  acid  lose  respectively,  the  oxygen  and  the 
hydrogen  which  they  contain.  These  two  con- 
stituents unite  together,  and  make  their  escape 
in  the  form  of  water,  leaving  behind  a  com- 
pound oi  chlorine  aud  copper.    In  the  suboxide 
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of  copper  there  are  two  atoms  of  copper 
mifed  to  one  ittotn  of  oxygen,  and  the  protomu- 
riate  of  copper  is  a  compound  ot  one  integrant 
partide  of  muriatic  acid,  and  two  integrant  parti- 
dtt  ofsnboxide  of  copper,  and  the  permuriate  of 
ooeatom  miuiatic  acid,  and  one  atom  black  oxide 
of  copper.  Now,  that  this  is  the  true  constitution 
of  Aese  two  salts,  I  have  ascertained  by  a  care- 
ful analysis  of  them. 

These  facts  being  understood,  we  are  pre- 
pved  for  exatninfaig  the  chlorides  of  copper. 
Ui  these  chlorides,  tiiere  are  two— the  prolochlo- 
riit^  obtained  by  heating  the  protomuriate  in  a 
dose  vessel ;  and  the  deutochlaride^  formed  when 
the  permuriate  is  treated  in  the  same  way. 

Mow,  Dr.  Davy  analyzed  the  protochloride  of 
copptr,  and  found  it  a  compound  of 

Copper  8 


.  12-5  ♦ 

Two  atoms  of  copper  weighiog  eight,  4*5  must 
lepresent  the  weight  of  an  atom  of  chlorine* 

I  dissolved  .3  grains  of  black  oxide  of  copper 
in  munatic  acid,  and  evaporated  the  solution  to 
dryness.  The  chloride  of  copper  was  obtained 
iu  the  state  oi'  a  browiubh  yellow  powder,  and  it 
wei^ifid  ^actly  8*5  grains.   JMow,  5  grains  of 

•  FMI.  Tnmn.  IStS.  p.  im 


Bft  CHL0U1M£  AND  IODINE* 

bJiick  oxikie  aie  equivalent  to  4  grains  of  metal* 
Ite  copper*  So  Uiiit  the  chloride  was  a  cofti' 

pound  of 

,  Copper  4 

Chkrine  4*5 

8-5 

4*5  is  evidently  one  atom  of  chlorine,  and  4 
one  atom  of  copper.  In  this  chloride  one  atom 
of  copper  is  united  with  one  atom  of  chlo- 
rine. 

Thus  it  appears,  that  an  atom  of  chlorine 
unites  with  either  one  atom  or  two  atoms  of 

copper;  and  that  an  atom  of  chlorine  weigtis 
exactly  4*5. 

It  wiU  be  shown  hereafter,  that  an  atom  of 
cuiy»  mercury  weighs  25.  Now,  mercury,  like  copper, 
combines  with  two  proportions  of  chlorine^  for* 
ming  a  protoehhride,  usually  called  calomel^ 
anil  a  deuioc/iloride,  usually  called  corrosive 
siMiauUe. 

Calomel  is  composed  of 

Mercuiy  25 
CUoriiM  4^ 

and  corrosive  sublimate  of 

Mercury  25 

Chbrine  9 


S4» 

*  8m  Anmb  of  FliikMopby,  (looQiidNM)  II,  197. 


The  chlo- 
ridoof  iii«r< 
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We  se^  Utat  t]i^  fitsl^  is  a  compquiul  of  one  at;m 
laefcary  ftnd  one  Mm  cbl<3niie,  ^nd  the  s^ond 

of  one  atom  mercury  and  two  atoms  chlorine, 
li^re,  as  weU  as  with  copp^)*»  4t'5  repr^nt^ 
exactly  the  weight  of  an  atom  of  chlorine. 

8.  Sihei  IS  a  luetai,  the  atomic  weight  of^^^^ 

siver  in  nitric  aeidft  evaporate  the  solutioii 

gently  to  dryness,  and  re-dissolve  the  nitrate 
of  silver  io  water  ;  precipitate  tlic  silver  by 
pouring  into  the  liquid  a  solution  of  7*5  grains 
of  })nrc  and  dry  coinnioTi  s;ilt  ;  collect  the  pre- 
cipitate, wash  it  well,  and  fuse  it  on  a  piece  of 
^aas  {^-if  the  experiment  be  properly  condiiotedft 
the  chloride  of  silver,  thus  obtained,  will  weigh 
grains.*  Now,  it  conUoQS  exactly  1375 
gnins  of  silver.   Hence,  it  is  composed  of 

Silver        13  7^ 
Chlorine  4*4 

1S25 

r 

or  in  this  compound,  an  atom  of  silver  is  com- 
Inned  widi  a*  atan  of  cUoiuie. 

In  all  these  examples,  the  utoimc  weight  of 
ohiflrine  is  exactly  ^5. 

4.  It  has  beftt  long  known,  diat  when  ddo* 


pf  nivtft^  while  on  the  filt^,  must  be  wfuhed  witli  distilled 
'»  Hib  wMcr  diouU  be  very  slightly  acidulated  wUi  nitric  add<  For 
«f  praemlkn^  I «  lai^  VMlik  to  oblrfa  Ito  «nd^  wei^t  of 
The  raaeoDi%  that  dhdDed  water  often  ooDtrineemm^^  wMcfa 
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Dpcahy.  rine  gas  is  collected  over  water  in  temperatures 
chlorine,  below  40^  a  number  of  green  coloured  ciystals 
form.  These  crystals  were  considered  as  solid 
chlorine,  till  Sir.  H.  Davy  showed,  in  1810»  that 
they  were  a  compound  of  chlorine  and  water,  or 
a  hydrate  of  chlorine.  During  the  severe  winter 
of  18£2-3,  this  hydrate  was  analyzed  by  Mr; 
Faraday,  who  found  it  to  be  composed  of 

Chlorine         27*7  <xt  4*5 
Water  11*745 

lOOK)  • 

11'74>5  exceeds  10  atoms  of  water  by  0*4*95^ 

wliic  li  is  rather  more  than  ^  of  an  atom.  It  was 
doubtless  hygrouictrical  water.  These  crystals, 
thenr  must  be  considered  as  constituting  a  deca- 

hydrate  of  chlunue  cuiiipoaed  of 

10  atoms  water  11«S5 
1  atom  cUoriiie  4*5 


15-75 

Chlorine  Ih  Chlorine,  according  to  the  ezperiments  of 
•odoAjfgen.  g.^      Davy  and  Count  V<m  Stadion,  combines 

with  no  fewer  than  iive  prc^ortions  oi  oxygen, 
forming  three  oxides  and  two  acids.  The  com- 
position of  these  different  compounds,  which, 

with  the  exception  of  chloric  acid,  have  been 
analyzed  only  by  Davy  and  Von  Stadion,  is  as 
follows : 

*  Annals  of  Fbiloiopbjrt  (second  aeries)  V.  901. 
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WTatfL  4TMIIC 

1.  Frotoxide  of  dilorine.  1  atom  ^.  1  atom  5*5 
&  Triloxide  of  cblorine  1  +3  7-5 
8.  Qnadraxjde  of  cUorine     1+4  8*5 

4.  Chloric  acid  1  +5  9*5 

5.  Perchloric  acid  1  +7  1 1*5  • 

IIL  Hydrogen  and  chlorine^  as  far  as  we  cuorine 

know  at  present,  unite  in  only  one  proportion,  ^ 
coDstituiiiig  muriatic  acid,  the  atomic  weight  of 
which  is  4*625. 

This  acid  is  one  ol"  tlie  most  active  and  cor- 
rosnre  with  which  we  are  acquainted.  It  is  veiy 
nrach  used  in  chemical  analyses,  and  indeed  is 
altogether  indispensable  in  a  laboratory.  Wlieu 
pore,  it  is  a  gas,  the  specific  gravity  of  which  is 
1^2847^,  being  exactly  the  mean  between  the 
specific  gravities  of  chlorine  gas  and  hydrogen 


I  find  that  at  the  temperature  of  69*,  one  cu-^a"^^*?"- 

rutac  add. 

hie  inch  of  water  is  capable  of  absorbing  417'822 
cubic  inches  of  muriatic  acid  gas.  The  tempe- 
rature of  the  liquid  augments  considerably,  and 
its  volume,  when  cooled  down  to  the  tempera- 
tare  of  the  air,  is  1*3483  cubic  inch.  It  is  ob- 
vious from  this,  that  100  grains  of  acid  of  this 
strength  contain  103  cubic  inches  of  acid  gas ; 
and  a  cubic  inch  of  this  acid  contains  311*04146 

•  The  protoxide  was  analyznl  by  Davy,  tlie  tritoxidc  by  Von  Stadion, 
flic  qxiadroxide  by  Davy.  Tt  hm  not  been  ascertained  whether  or  not  the 
two  Uht  constitute  really  distinct  suhstances.  Chloric  acid  wm  llrst  aualy- 
led  \}j  Chencvix,  and  iiuj:l  (orrctily  by  licrzcliua.  Pcrchlofic  acid  wak 
di>ioa*c-rtd  and  analyzed  by  Von  Statlion. 

F  3 
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cubic  inches  of  acid  gas.    Acid  of  this  strengtli  : 
ha&  a  speciiic  gravity  of  vms,  and  I  find,  by  \ 
saturating  it  with  caloareous  spar,  that  it  con- 
tains 40*39  per  cent,  of  real  acid,  united  with  « 
59*61  of  water.   In  winter  I  have  obtained  mu- 
mtieaoid  of  as  high  a  sp^ific  gravity  as  1*^1^. 

All  the  tables  hitherto  published,  exhibiting 
tiid  strength  of  milriatic  acid  of  varioua  specifio  ' 
gravities,  are  very  erroneous ;  because  they  were 
constructed  upon  inaccurate  data*  I  conceive, 
tiieielbre,  that  it  will  be  worth  while  '  to  exhibit 
an  accurate  table  oi  tiie  specitic  gravity  of  this 
add  of  determinate  sti'aigths*  My  method  of 
proceeding  was  to  saturate  a  given  weight  of 
the  acid  with  calcareous  spar.  Every  6*25  grains 
of  calcareous  spar  dissolved*  indicated  the  pre* 
sence  of  4'625  grains  of  muriatic  acid.  Know- 
ing the  exact  strength  of  one  particular  acid,  it 
was  easy,  by  the  addition  of  determinate  weights 
of  water,  to  form  acid  of  any  inferior  strength 
wanted.  I  ishall  exhibit  the  specific  gravUy  of  ' 
comlMBattotis  of  one  atom  of  muriatic  acid,  with 
a  determinate  imuiber  of  atoms  of  water*  Tii« 
stfotlgeikt  acid  I  could  form,  at  the  time  that  I 
was  employed  m  these  experiments,  was  a  com* 
pound  of  one  atom  acid,  and  six  atoms  water. 
Its  specific  gravity  was  l'«03,  and  it  contained, 
ut  course,  10-Go9  per  cent,  of  real  acid.  Tiiid 
acid  is  so  volatile,  that  it  can  with  difficulty  be 
preserved  in  warm  weather.  Indeed  it  fi  cyuuntly 
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foam  cat  the  itopper,  wiiile  •  quaaiity  of  pii* 

riatic  acid  gas  makei^  its  escape* 

TAALS  SXHIBITING  TUC  8F£CIFIC  GRAVITY  OF  MURIATIC 
ACID  OF  01TIR1IINATB  BTRBNGTHS. 


Atotm  of 


ait* 


Atoms  of 


46^ 


7 

a 

9 
10 

II 

18 

u 

15 
16 
17 
18 
19 


Acid  in 
100 

37-000 

33*945 

31 -ak} 

89134 

27-206 

22-700 
21-512 
20442 
]9-«74. 
18  590 

17-a£il 


Specific 
Cavity. 


I-203 
M79 

M62 

j-iia 

M39 
1-1^ 

1197 
1127 
lOGO 
1008 

own 

1  uuu-i 

1  0660 
10620 
14n80 


I 
1 
1 
1 

1 


Miniatic  aicidy  ooffiposed  of  1  atom  acid,  mkd 
16  ttoms  wilor,  or  that  which  cQDtakis  W*4M 

per  ceut.  of  real  acid,  seems  to  be  the  most  inti- 
<^  cooihinatioft  of  acid  mi  watec  For  its 
Mlkig  point  is  a  maximum^  being  23^ ^  accordi* 
iog  to  I^tOD  J  while  acid  either  weaker  or 
stioQger  thaa  ihis  boils  at  a  lower  ten^iorature. 
hdeed  the  boiliog  point  of  acid  of  the  specific 
gravity  1«203  is  not  lugiier  than  107*. 

ThejDuriatesi  or  the  salts  formed  by  the  com- 
bination  of  muriatic  add  with  the  difibrent  bases, 
deserve  the  paiUcuiai'  attention  of  diemists  in 
points  of  view.   X  ^liall  devote  a  separate 
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chapter  to  the  investigation  of*  their  comtitution 

in  a  subsequent  part  of  this  wori^. 


SECT.  11. 

Ok  JUL  ATOMIC  WEIGHT  OF  IODINE. 

« 

The  properties  of  iodine  were  investigated  with 
such  sagacity  and  success  hy  M.  Guy-Lussac 
and  Sir  U.  Davy»  that  succeeding  experimenters 
have  had  but  little  to  add  to  the  result  of  their  in^ 
vestigations.  I  shall  meutiou  here  the  tew  particu- 
lars that  I  have  had  an  opportunity  of  observing* 
Spwific        1.  Gay-Lussac  states  the  specific  gravity  of  io- 

gravity  of  i        i  i  i 

iodiiie.     duie  to  be  4*94'8  ;  but  1  have  reason  to  believe  that 
this  estimate  is  too  high.  I  sublimed  some  iodine 

by  exposing  it  in  an  eight  ounce  phial  to  a  very 
low  heat  By  this  mctiiod  it  may  be  obtained 
in  pretty  lai^ge  octahedral  crystals^  approaching 
to  the  shape  of  the  primitive  form  of  sulphur.  A 
number  of  these  crystals  were  picked  out,  and 
their  specific  gravity  taken.  I  found  it  30844* 
The  specific  gravity  of  iodine,  as  originally  pre- 
pared witliout  any  puj  ihcation,  is  somewhat  less^ 
being  only  2*913.  This  difference  is  owing  to 
tlxe  presence  of  a  very  small  quantity  of  water. 
The  spccihc  gravity  of  distiiled  water  saturated 
with  iodine  is  lOOOSl —  a  sufficient  proof  of  the 
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quantity  of  tius  substance  wlucii  water  is 
apible  of  dissolving. 

t  Gav-Liissac  tbund  that  when  iodine  and 
zmc  are  heated  together  in  a  vessel  hermetically 
anied,  and  contaimng  a  sufficient  quantity  of 
water,  a  colourless  solution  is  obtained,  consist- 
iogof  hydriodate  of  zinc.  In  this  case  he  found 
tliat  l(K)  parts  of  iodine  comliiiie  \\\ih  2()'2^25 
puts  ot  imc*  Now  26-225  :  100  ;  :  4*25  (an 
iton  of  zinc) :  16*90.  According  to  this  experi* 
acnt,  16*^20  tlcaotes  the  atomic  weight  of  iodine. 
Gtj'Lamc  himself  deduces  from  his  experi- 
mt,  that  the  atomic  weight  of  iodine  is  15«6Sl ; 
because  he  conceived  that  2ii'225  of  zinc  com- 
biae  inih  6*402  oxygen,  whereas  the  quantity  of 
oxygen  with  which  this  weiglit  of  zinc  combines, 
wliea  oxydizedy  is  only  (>*170  parts. 

Hits  experiment  of  Gay^Lussac  was  repeated 

Dr.  Prout,  who  found  that  00  parts  of  ioclnie 
^iae  with  12*9  parts  of  zinct  According  to 
^  experiment,  the  atomic  weight  of  iodine 
tunii  out  16-4.73,  which  is  a  little  higher  than 
^  stated  by  Gay-Lussac*' 

3»Ihave  repeated  this  experiment  a  c^ood  Mc-thod of 
times,  but  1  did  not  obtain  constant  re-  fn^u]^^ 
partly  from  the  difficulty  of  preventing  the 
^  of  some  of  the  iodine,  and  partly  because 
^  zinc  was  never  perfectly  pure.    I  therefore 
^  lecourse  to  another  method*  which  I  shall 

■  Ann.  de  CUm.  XCL  21.  f  Annalj  of  PIiiU>soi.!n ,  VI.  32a 
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now  explain.  I  formed  a  qimntity  of  liydriodate 
of  potash,  and  by  a  careiui  analym,  satisfied 
myself  that  it  is  composed  of  an  atom  of  hydrio- 

die  acid,  united  to  an  atom  of  potash.  When  this 
salt  is  exposed  to  a  pretty  strong  iieat  in  close 
vasselsi  it  gives  out  water»  and  is  converted  into 
Iodide  of  iodide  of  potassium.    After  a  ^  ariety  of  trials,  I 
iound  that  when  20*J  gt^aius  of  this  iodide  of 
potassium  are  dissolved  in  a  small  quantity  of 
distilled  water,  and  the  solution  mixed  with  a 
solution  of  ^«7^  grains  of  dry  nitrate  ot  lead»  a 
double  decomposition  takes  place:  iodide  of  lead 
is  precipitated,  and  the  residual  liquid  is  trans- 
parent and  colourless,  and  neither  altered  by 
sulphate  of  soda,  nor  by  nitiate  of  lead,  showing 
that  it  con  tains  no  sensible  quantity  of  oxide 
of  lead,  or  hydriodio  acid.   The  ittsidual  liquid 
being  evaporated  to  dryness,  fiimished  1^5 
grams  of  sait-i>etre.    But  1^75  grams  of  salt- 
petre (as  will  be  seen  in  the  next  chapter)  con« 
tain  6  grains  ot  potash,  equivident  to  5  grains  of 
potassium.    Consequently,  the  20*5  grains  of 
iodide  of  potassium  contained  just  5  grains  of 
potassium*   The  remainder  consisted  of  iodine. 
From  tills  it  appears  that  iodide  of  potassium  ia 
a  compound  of 

Potassium  5 
Ifxiiue  15'5 

90-5 
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5  uemg  the  atomk  weight  of  potassiunii  and  the 
iDdule  bdtig  a  neutml  Gomt>ouild|  it  is  obvioua 

that  15'5  must  be  the  weight  of  an  atom  of  io« 

The  above  experiment  wai  repestad^  substitu- 

ting  19'7a  grains  of  iodide  of  zinc,  for  the  ^20-5 
gaiski  of  iodide  of  potassium.    When  solutions, 
containing  respectivdy  19*7^  grains  of  iodide  of 
zinc,  and  20*7^  of  nitrate  of  lead,  were  mixed  to- 
gekheft  I  Ibuod  it  oeoeasaiy  to  evaporate  the 
mixture  to  drynesH  by  means  of  a  very  gentle 
lieat*   Water  being  poured  upon  the  yellow  re- 
lidae^  was  digested  on  it  for  some  time.  It  was 
then  tested  with  sulphate  ul  soda,  and  with  ni- 
trate of  lead,  without  being 'in  the  least  ai&cted 
b^ttdier  of  tiiese  re-agents,  showing  that  it  con- 
tained no  sensible  quantity  of  lead,  or  of  iodine. 
UalesB  the  original  mixture  of  the  two  salts  be 
mporated  to  dryne^,  sulphate  of  soda  is  very 
^t  to  indicate  the  presence  of  lead-— and  if  the 
mporationbe  carried  too  far,  or  too  great  a  beat 
be  applied  to  the  residual  matter,  the  water 
poured  upon  it  will  ac^iuire  a  yeUow  colour,  and 
viB  contain  distinct  traces  of  iodine.   If  this  be 
avoided,  the  liquid  will  contain  simply  a  solutiou 
of  nitrate  of  zinc. 

From  this  experiment,  which  I  have  made  se« 
veral  tunes  successfully^  it  is  obvious  that  19*7^ 
of  iodide  of  zinc  contain  just  an  atom  c€ 
^ue,  or  the  quantity  nece^saiy  to  unite  with 
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13  of  lead,  which  exist  in  i^0'7o  of  nitrate  of 
lead.  As  the  iodide  ci  zinc  ii  neutral,  there 
inubt  be  present  in  it  just  aa  atom  of  zinc,  which 
weighs  4f*25.  Thus  it  appears  that  dry  iodide  of 
2U1C  is  composed  of 

Zinc  4-i;5 
Iodine  15*5 

19*75 

These  experiments  leave  no  doubt  that  the  atom 

of  iodine  weighs  15v5.  This  is  the  i.unibcr  which 
Dr.  Proutfixed  upon,  though  irom  erroneous  data. 

It  is  obvious  also  from  these  experiments,  thart 
hydriodic  acid  is  a  compound  of  1  atom  iodine, 
and  1  atom  hydrogen.  For  when  hydriodate  of 
zinc  is  heated  sufficiently,  it  is  converted  into 
iodide  of  zinc.  It  is  evident  that  the  oxide  ot 
zinc  by  this  treatment  is  deprived  of  its  oxygen, 
and  the  hydriodic  acid  of  its  hy  drogen.  Thcise 
two  substances  combine  together,  and  fly  off  in 
the  state  of  water.  Consequently,  the  atoms  of 
hydrogen  in  the  acid  must  be  just  equal  to  tlie 
number  of  atoms  of  oxygen  in  the  oxide*  But 
oxide  of  zinc  contains  only  one  atom  of  oxygen  ; 
conse(jiiently  hydriodic  acid  contains  only  one 
atom  of  hydrogen. 
Hydriodic  i  i  om  thc  experiments  of  Gay-Lussac,  which 
I  have  often  repeated,  we  learo  that  when  hj. 
driodic  acid  gas  is  left  in  contact  with  mercury, 
the  whole  of  it;)  iodine  is  gradually  absorbed,  and 
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lis  foltime  is  reduced  to  one  half,  consisting  of 

kdroireji  aas.  Here  it  is  clear  that  Iiydriodic 
ackl  is  a  compouad  oi  equal  volumes  of  iodine 
npoor  and  hjolrogen  gas,  united  together  with- 
out any  change  of  vohimc.  A  volume  of  iodine 
Tipour,  then,  bears  the  same  relation  to  an  atom» 
tint  a  volume  of  hydrogen  gas  does  to  an  atom. 
But  the  specific  gravity  oi'  hydrogen  gas  is  ol)- 
taned  by  multiplying  its  atomic  weight  by  half 
the  specific  gra\  ity  oi  oxygen  gas,  or  by  ()*.;.555. 
For  0-125  4-  0-5556  =  0-0694.  It  will  be  shown 
in  the  7th  chapter  of  this  work  that  this  law  is 
general.  Consequently,  to  obtiiin  the  specific 
gnvitjr  of  iodine  vapour,  we  have  only  to  multi- 
phr  15«5  by  0-5555.  The  product  is  8-6111, 
^hid  is  the  true  specific  gravity  of  iodine  va- 
pour. 

The  specific  gravity  of  hydriodic  acid  is  a 
between  that  of  iodine  vapour  and  ot  hy- 
ifogen  gas,  or  4*S40S7. 

The  atomic  weight  oi'  hydiiodic  acid  is 
li«25. 

Iodine  combines  both  with  oxygen  and  with  Iodic  and 
dilorine,  and  forms  with  the  ibrmer  iodic  acid,  ^SS!"**^ 
^vith  the  latter  chloriodic  acid.  I  have  not 
myself  made  any  experiments  to  deteimine  tlie 
atomic  weight  of  these  acids  ^  but  from  Gay- 
Iwac^s  experiments  it  is  evident,  that  iodic 
acid  is  a  compound  of  one  atom  lodme,  and  five 
^tOQQs  oxygen.   It  must  therefore  weigh  £0*5. 
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From  the  expcrimente  of  Sir  H.  Davy,  I  have- 
little  doubt  that  chloiiodic  add  is  a  compound  of 
one  atom  iodine,  and  two  atoms  chlorine*  Coo- 
aequeotly,  its  atomic  weight  is  , 
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OF  THE  ATOMIC  WEIGHT  OF  AZOTE,  AND 
THE  SPECIFIC  GRAVITY  OF  AZOTIC  GAS. 

J  SHALL  begin  this  cliapter  witli  :in  account  of 
the  experiments  to  determiae  the  true  specific 
gravity  of  aeotic  gas.  The  specific  gravity  of 
common  air  is  always  reckoned  unity,  and  we 
have  seen  in  the  third  chapter  of  this  work»  that 
fhe  true  specific  gravity  of  oxygen  gas  is  1*111. 
Now,  as  ail  is  a  mixture  of  oxygen  and  azotic 
gases,  it  is  obvious  that,  in  order  to  obtain  tlie 
trae  specific  gravity  of  azotic  gas  we  have  only 
to  determine  bv  rigid  ex])C'riincnts  what  is  the 
true  ratio  between  the  volumes  of  oxygen  and 
azotic  g  ises  in  common  air.  Many  experiments 
have  been  made  upon  this  subject ;  but  che- 
mists do  not  seem  to  liave  employed  the  requi- 
site precautions  to  ensure  a  successful  result 

1.  In  order  to  have  common  air  in  a  state  of 
purity,  I  collected  a  quantity  oi  it  urom  above  nton  drde- 
the  middle  of  a  green  field,  at  some  distance 
iium  all  houses.  The  hydrogen  gas,  wliich  was 
employed  to  remove  the  oxygen,  was  prepared 
from  a  mixture  of  purified  zinc,  and  pure  sul- 
phuric  acid  diluted  with  distilled  water.  The 
retort  in  which  the  gas  was  extricated,  was  quite 
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filled  with  tliis  mixture,  and  a  portion  of  the  liy* 
drogen  gas  was  allowed  to  escape,  before  I  be- 
gan to  collect  it  for  u&e.  The  eudiometricai 
experiments  were  made  while  the  hydrogen  gas 
was  coming  over,  and  it  was  taken  for  every  ex- 
periment directly  from  the  beak  of  the  retort, 
and  consequently,  without  standing  any  time  in 
contact  with  water. 

A  mixture  of  100  volumes  of  air,  and  42  vo* 
lumes  of  this  pure  hydrogen  gas,  was  fired  by  an 
electric  spark.  Tlie  diiiuiiulioa  ol  bulk  ia  three 
successive  experiments  was  precisely  60  volumes* 
Now,  the  volume  of  oxygen  gas  in  the  100  parts 
of  air  eaipio)  ed  is  obviously  |  of  this  diminution 
of  bulk.  But  ^  of  60  is  Thus  it  appears^ 
that  100  voluaies  of  air  cum  lain  20  volumes  of 
oxygen  gas*  The  remaining  80  volumes  consti- 
tute the  azotic  gas  of  air.  Air  then  is  a  mixture 
of 

so  volumes  oxygen  gas 
SO  voiumes  azotic  gas 

100 

or  the  5th  of  the  volume  of  comaioa  air  is  oxy- 
gen gas»  and  four-fifths  azotic  gas. 

If  we  employ  less  than  42  volumes  of  hydro- 
gen gas  to  iuo  oi  air,  tlie  combuation  is  not  Com- 
plete. Thus,  when  a  mixture  of  100  v<dumea 
air  aiid  10  \oIumes  hydrogen  is  llrcil,  the  di- 
minution of  bulk  amounts  to  57  volumes,  in- 
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slead  of  60*  The  third  of  5^  is  ouiy  19»  show« 
ing  that  one  volume  of  the  oxygen  gas  pre- 
sent had  escaped  combustion.  When  the 
quantity  of  hydrogen  gas  is  greater  than  4£  to 
the  100  of  air,  the  diminution  of  volume  some- 
what ejkceeds  the  truth,  and  it  goes  on  iucreas- 
ii^  till  the  volume  of  hydrogen  gas  is  equal  to 
that  of  the  air,  beyond  which- 1  did  not  think  it 
worth  while  to  carry  the  experiment.  50  vo- 
lumes of  air»  and  50  of  hydrogen  gas,  being  mixed 
Mid  fired,  the  diminution  of  bulk  was  32  vo- 
lumes. The  tiiird  of  this  is  10*(i(i«  This  would 
mise  the  bulk  of  oxygen  gas  in  au:  to  £1^  per 
cent.  This  diminution  of  the  \  olunie  beyond 
the  proper  quantity  seems  to  be  owing  to  the. 
formation  of  a  small  quantity  of  nitric  acid  or 
ammonia.  The  best  proportions  are  100  volumes 
air»  and  4£  volumes  hydrogen  gas  \  with  these  we 
always  find  the  diminution  of  volume  60  indicat- 
ing ^  per  cent,  of  oxygen  gas  in  air. 

I  likewise  verified  this  analysis  of  aur  by  means 
of  phosphorus:  100  volumes  of  air  were  left 
standing  for  two  days  over  mercury,  with  a  stick 
of  phosphorus  immersed  in  them.  Hie  glass  jar 
with  the  air  was  then  removed  to  the  water 
trough,  and  well  washed,  to  deprive  it  of  any 
phosphoric  acid  which  might  have  a  tendency 
to  alter  its  volume.  And  to  facihtate  the  action 
of  the  phospborusy  a  little  water  was  added,  so 
that  the  air  was  saturated  with  Hoisture  at  the 
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temperature  in  which  the  experimeiita  wer« 
made.   The  following  table  ^diiUta  a  view  of 

the  results  of  these  experimental 


yiMlmiinU 

VolUIIMB 

of  air. 

Height  of 
Bvtm, 

Height  of 

Ilesiduc. 

Htigb'  ■>! 

}^ol^;Ut  of 
Tbermom. 

1 
9 

3 
4 
5 
6 
7 
8 
9 
10 

lUO 
100 

100 
100 
100 
100 
100 
100 
100 
100 

9008 

29-80 

29-5 

29-99 

99«90 

29-94 

29-70 

99^ 

69 

62 

GO-5 

59-5 

60 

61 

60 

59 

82 
80 

81 
78 

79-75 
80 

80 

81 

79 -o 
90 

xiKnua. 

30-08 
99« 

29  ,••) 

2«)-99 

30-07 

29-91 

297 

29-5 

29-6 

99«&5 

62 
09 

60-5 

59-  5 
60 
61 

60-  5 
58-5 
58 

» 

Before  we  can  draw  any  consequence  from 
these  experiments^  we  must  determine  hy  calcu- 
lation the  volume  of  the  residues,  supposing 
them  perfectly  dry,  and  supposing  the  barome- 
ter at  SO  inches,  and  the  thermometer  at  60^. 
The  following  table  shows  what  these  volimies 
are. 


No.  of  Ex 

Vol  timet  of 

Volume*  of 

RatioK  of 

Ditto  of  %  ol. 

perimenCii. 

Air. 

He'aiduo. 

¥ol.  of  Air. 

of  Rcsiduu*. 

1 

98-9.53 

80-08 

100 

80-927 

2 

97 -9^^ 

77-048 

100 

79-246 

3 

97-031 

78-130 

100 

80^ 

96 -407 

76-714 

100 

79-532 

98*352 

78-543 

100 

79-851 

6 

98-217 

78-232 

100 

79-652 

7 

97-889 

77-698 

100 

79-374 

8 

97-253 

78-551 

100 

80-770 

9 

97-018 

77-462 

100 

79-843 

10 

97236 

77'616 

100 

80-028 

.  100 

79*9735 

The  last  coiu^in  shows  the  residue  ofdiygas^ 
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from  100  volumes  of  dry  iiii,  supposing  the  bar- 
ameter  at  30  inches,  and  Ihe  thermometer  at  60^* 
The  mean  of  ten  expeiinients  gives  the  compo- 
sition of  dry  air : 

Azote  79*9735 
Oxygen  200265 

100*0000 

Now  this  is  within  rivo  part  of 

Asote  80 
Oiygen  20 

100 

a  degree  of  coincidence  with  the  former  experi- 
mentSi  as  near  as  my  method  of  proceeding  ena- 
Ned  me  to  reach.  It  confirms  very  completely 
tlie  preceding  conclusions* 

The  proportion  of  the  constituents  of  air  in 
volume  being  thus  known,  it  is  easy  to  deter- 
mine the  specific  gravity  ot  azotic  gas.  l^et  Sm 
I  volume  of  azotic  gas,  then 

i  nil  +  4  ««5  md 

-J        0-9722  =  specific  gravity 

of  azotic  gas.* 

*Tbe  ^padlie  giavilj     oxjgm  nd  antic  ptm  wSf^  be  daduc^ 
^■•c^f,|^nm1llekllomipacifiegl«vily  ofairi  wk,  IHKM^  and  tfw  (co. 
|MiaB«f  these  t«m  gMCi^  «ki80  Motic  and  SOoijign  §M  ii^  100  fo^ 
^fb,  m  Br.  Aout  has  alnady  dum^  ( Aimab  af  lUkaopby*  YI.  SS2,) 
lid  tfiaaioni  aT  <iA^|ptu  1 
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AioBuc       2.  I  have  been  thus  particular  in  detennining 

nitric  acid  the  specific  gravity  of  azote,  because  it  is  a  ne- 

cemiy  element  in  the  investigation  of  its  atomic 
weight    We  shall  now  determine  the  atomic 

weight  of  nitric  acid,  which  is  known  to  be  a 
compound  of  azote  and  oxygen ;  and  it  contains 

the  greatest  proportion  of  oxygen  with  which  an 
atom  ot  azote  is  capable  of  uniting.   Nitric  acid 


AIp  b  ft  cflHUMwmd  of  om  alnii    onjigen  nd  two 

Oxygen  1    or   .  SS*!^ 

A«ote  3*5  77'Tf 


m 

JUt«siped£cgi«i%ofox]r8n      22*22  =  a 

then  i-lt-ijf  Bs  1   and  9s5  — 
and  f  ;  4r  u  :  :  a  :  b    and    z  =r  ^  ^ 

Hence  d~4y=ip  and  Jf « ^^^^^ es 0  9722 

andx  =  5  — 4f/  =  5  — 38888= 
I  have  thought  it  l>etter  to  procecxl  as  I  hnve  done  in  the  text,  hcmii'^o  the 
atomic  weigltt  of  aaote  ia  most  easily  deduced  from  the  qpedfic  gnvity  of 
asotic  gas. 

Berielius  and  Duloiig,  in  tbtir  ]i;ii)cr  on  the  specific  gravity  of  gjtKtf 
givp  us  the  q^M^fic  gravity  of  oxygcu  and  azotic  gasea^  as  follows : 

Oxygen 

Azotic  Oi>7tjO 
NoWf  as  air  is  a  compound  of  4  volumes  azotic  and  1  Tolume  of  oxygea 

mm  air.  If  w«  resold  the  eqittlioii,  m  tind  the  specific  gravity  of  com- 
moB  ahr  not  1,  as  H  ouglit  to  be^  but  14I013S;  AimiBt^  Aat  the  specific 
gravitieB  of  oxygen  and  tiotic  gases,  as  dotermined  by  tbeae  ^V^^Mfj  can- 
not  becomott 
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the  property  of  combining  with  tlic  various 
bottesy  and  of  fonning  salts  distiiigiiished  by  the 
generic  name  of  nil  rat  l6.  Several  of  these  nitrates 
coQtaio  no  water  of  crystallization,  but  consist  oi 
fte anhydrous  acid  united  to  the  base;  this  is 
the  case  with  nitrate  of  lead  and  nitiate  of*  j)©- 
tssb,  1  shall  make  use  of  nitrate  of  lead  to  de- 
termine the  atomic  weight  of  nitric  acid. 

It  will  be  shown  in  a  subsequent  chapter,  tiiat  ^"**^*JJ|- 
tbe  atom  of  lead  weighs  18,  and  the  atom  of  pro-"^ 
toride  of  lead,  which  constitutes  the  base  of  ni- 
trate of  lead,  14.  This  salt  is  neutral,  and  con- 
aeqaently  consists  of  one  atom  of  nitric  acid  uni^ 
ted  to  one  atom  of  protoxide  of  lead.  It  is  white, 
opaque,  has  a  strong  lustre,  and  crystallizes  in 
octahedrons.  Sometimes  it  may  contain  a  little 
water  mechanically  lodged  between  its  plates  j 
but  this  is  not  the  case  when  it  is  properly  crys* 
laUized ;  and  it  may -be  always  rendered  anhy- 
drous by  exposure  fui  a  few  hours  to  a  heat  of 
212". 

Sulphate  of  soda  is  a  salt  composed  of  one 

atom  sulphuric  acid,  one  atom  soda,  and  ten 

atoms  water :— but  it  is  with  great  facility  freed 

from  its  water  of  crystailiKatton.   A  few  days' 

exposure  in  a  dry  room  is  sufficient  for  the  pui- 

pose;  or  we  may  place  it  in  the  vacuum  of  an 

air-pump,  in  a  vessel  raised  an  inch  or  two  above 

a  flat  plate  filled  with  sulphuric  acid.  Twenty- 

fiMir  hours  of  such  a  situation  riders  it  quite 

as 
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anhydrous;  a  moderate  beat  diives  off  the  water 
of  crystallization  with  great  facility ;  and  we  may 
afterwards  fuse  it»  to  be  absolutely  certain  that 
ail  traces  of  water  are  removed. 

When  this  salt  is  anhydious,  it  is  composed  of 

1  atom  8ul{»hiiric  acid  =  5 
1  atom  aoda  «  4 

9 

SO  that  nine  grains  oi  it  contain  exactly  five 
grains  of  sulphuric  acid. 

The  nature  and  constitution  of  these  two  salU 
being  understood^  we  are  prepared  to  investigate 
the  weight  of  an  integrant  partide  of  'iiitrio 

acid. 

•  I  took  two  small  glass  vessels,  containing  each 

a  little  distilled  water  j  in  the  one,  I  dissolved 
20*75  grains  of  pure  nitrate  of  lead,  and  in  the 
Other,  9  grains  oi  anhydrous  sulphate  of  soda. 
These  two  solutions  being  mixed  together,  a 
double  decomposition  took  place  ^  the  sulphuric 
add  and  oxide  of  lead  uniting  together,  and 
forming  an  insoluble  sulphate  of  lead,  which  fell 
rapidly  to  the  bottom,  while  the  nitric  add  and 
soda  remained  in  solution  in  the  colourless  li- 
quid. As  soon  as  the  sulphate  of  lead  had  lefl 
the  liquid  quite  dear  and  transparent,  a  few 
drops  of  it  were  put  into  two  diiferent  watch 
glasses  \  into  one  of  these,  I  let  &U  a  little  of 
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tilfi  solution  of  muriate  of  barytes,  and  into  the 
ctter»  a  litiie  of  liie  solutioa  of  sulphate  of  soda* 
But  no  precipitation,  or  even  opalescence,  was 
produced  by  either  of  these  re-agents  ^  showing 
tbt  Ae  tiquid  contained  no  sensible  quantity  of 
sulphuric  acid,  or  of  oxide  of  lead. 

Rom  tbis  eiperiment  it  foUows,  that  the 
nlphuric  acid  in  nine  grains  of  aoihydrous 
sulphate  of  soda,  is  just  sutBcient  to  saturate  the 
code  of  lead  in  £075  grains  of  nitrate  of  lead; 
but  nine  grains  of  anliydrous  sulphate  of  soda 
amtaiu  five  grains  of  sulphuric  add,  which  re- 
quires just  fourteen  grains  of  protoxide  of  lead  to 
saluj  ate  it  Accordingly,  if  the  sulphate  of  lead 
(nc^iitated  be  washed^  collected,  and  dried, 
liilioiit  any  loss,  it  will  be  found  to  weigh 
eactly  nineteen  grains.  Thus,  it  is  proved,  that 
^5  grains  of  nitrate  of  lead  contain  14  grains 
oi  protoxide  of  lead.  So  that  nitrate  of  lead  is 
coioposedof 

PraCoKidecf  lead  14 

Nitric  acid  6*75 


20*75 

1<hs  «dt  being  neutral,  and  14  denoting  an 

DJtegral  particle  of  protoxide  of  lead,  it  is  clear 
^  the  atomic  weight  of  nitric  acid  is  6*75. 

•1  The  importance  of  an  accurate  knowledge  And nitwie 
of  the  atomic  weight  of  nitric  acid  is  so  great, 

64 
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that  it  may  not  be  amiss  to  give  an  equally  rigid 
proof  oi'  what  it  really  drawn  irom  the  com- 
position of  nitrate  of  silver,  a  salt  very  frequently 
employed  iii  chemical  analyses. 

Nitrate  of  silver  is  a  white  transparent  salt, 
which  may  be  crystallized  in  beautiful  riiom- 
boids  \  but  it  most  commonly  assumes  the  form 
of  thin  plates,  which  have  been  compared  to 
sword  blades.  It  contains  no  water  of  crystaili- 
zationt  though  sometimes  a  little  may  be  me- 
chanically lodged  between  the  plates  of  the  crys- 
tals. From  this  it  is  easily  freed,  by  losing  it  in 
a  moderate  heat,  and  keeping  it  for  some  time 

in  that  state.  The  small  cylinders  oi'  it  .sold  by 
apothecaries,"  under  the  name  of  Imar  caustic^ 
are  quite  anhydrous.  But  I  have  never  met 
with  them  perfectly  pure  ;  they  usually  contain 
a  little  gold,  which  separates  in  flocks,  when  the 
cylinder  of  nitrate  of  silver  is  dissolved  ;  and 
not  uncommonly,  other  impurities  (particularly 
nitre)  are  likewise  present.  For  the  experiment 
which  I  am  going  to  relate,  the  salt  must  not 
only  be  anhydrous,  but  quite  pure. 

The  atomic  weight  of  silver,  as  will  be  shown 
hereafter,  is  13*7^,  and  an  integrant  particle  of 
oxide  of  silvBr  weighs  14*7^.  Consequendy,  if 
the  atomic  weight  of  nitric  acid  be  G*?^,  as  we 
have  found  it  to  be  from  the  analysis  of  nitrate 
of  lead,  the  constituents  of  nitrate  of  silver  must 
be 
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Nitric  acid  6-75 
Oxide  of  ulver  14*75 

When  common  salt  is  fused,  it  is  converted 
into  chloride  of  sodium,  which  is  composed  of 

CUorine  4^5 

Sodium  3 

7-5 

When  ^'5  parts  of  chloride  of  sodium  are  dis* 

solved  in  w  ate  r,  they  combine  with  1*125  of  wa- 
ter, and  arc  converted  into  muriate  of  soda, 
ooBipoeedof 

Muriatic  add  4*(Ki5 
Soda  4 

8*6£5 

These  fiicts  being  understood,  we  may  pro- 
ceed to  the  experiment.  I  dissolved  21*5  grains 
of  Aised  nitrate  of  silver,  and  ^'5  grains  oi  fused 
cannon  salt,  in  separate  portions  of  distilled 
water,  and  mixed  the  solutions.  A  double  de- 
cooipontioa  took  place the  muriatic  acid  and 
wide  of  sih  cr  united  together,  and  precipitated 
in  the  form  of  a  heavy,  white,  curdy  matter  j 
vide  the  nitric  acid  and  the  soda  remained  in 
^iuuon,  in  the  state  of  niUate  of  soda.  When 
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the  piecipitate  had  subrided,  and  Idfl  the  8uper<> 
natant  liquid  quite  clear,  a  few  drops  of  it  were 
put  into  two  separate  watch  glasses into  the 
one  a  little  nitrate  of  silver  was  let  fall,  and  into 
the  other  a  little  common  salt.  The  liquid  was 
not  precipitated  nor  rendered  opalescent  by  ei- 
ther of  these  re-agents,  showing,  that  it  con- 
tained neither  muriatic  acid  nor  oxide  of  silver. 

From  this  experiment  we  see,  tliat  the  muriatic 
acid  in  8*6^  grains  of  muriate  of  soda,  just  sa- 
turates the  oxide  of  silver  in  21*5  grains  of  nitrate 
of  silver.  But  4*6^  of  muriatic  acid  require 
just  14*75  of  oxide  of  rilver  fiir  saturation. 
This  is,  of  course,  the  quantity  of  oxide  in  21  -5 
of  fused  nitrate  of  silver-— the  remainder,  a- 
mpunting  to  6*75,  must  be  nitric  acid.  Thus 
we  have  found  the  composition  of  nitrate  of  sil- 
ver exacdy  agreeing  with  our  hypothesis,*— de- 
monstrating that  6-7^  is  the  atomic  weight  of 
nitric  acid. 

When  the  muriate  of  silver,  obtained  in  the 

preceding  experiment,  is  washed,  diied,  and 
fused,  it  is  converted  into  chloride  of  silver  % 
consequently, 

4-625  muriatic  acid  become     4*5  chioriae* 
14*75  oxide  of  silver  beoone  13*75  liLvcr. 

18*25 

Hence,  if  it  be  collected  without  any  loss,  which 
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is  a  difficult  process,  the  weight,  instead  of  be- 
ing 19*37^  grains,  will  only  be  18*^  grains. 

From  these  two  experimental  we  are  ^titled 
to  affirm^  that  the  atomic  weight  of  nitric  acid  is 
fr75, 

4.  To  demonstrate  the  true  composition  <^^2^^ 

mtiicacid^  I  shall  employ  nitrate  of  potash. 

This  salty  when  pui^  contains  no  water  of 
OTStallization ;  but  a  little  water  is  often  me- 
dianically  lodged  between  the  plates  of  the  crys- 
tals. This  water  is  easily  dissipated  by  keeping 
tbe9altfor  sometime  in  a  moderate  licat^  or 
liiDply,  by  bunging  it  into  fusion.  The  salt 
opoD  which  the  following  experiments  weremade 

was  pure,  and  perfectly  anhydrous. 

There  is  a  particular  temperature,  higher  tlian  Byhmi 
fiOtf  »  but  I  do  not  know  how  muchi  in  which,  if 
saltpetre  be  kept,  it  allows  a  certain  portion  of 
oxygen  gas  to  escape  and  no  more*  When  l^j^ 
gnuns  of  nitre  are  kept  in  this  temperature  dur* 
ing  the  requisite  time,  there  are  extricated  291 
cubic  inches  of  pure  oxygen  gas ;  the  weight  of 
the  nitre  in  reduced  to  1 171  grains,  and  the  salt 
is  no  longer  niircUe  of  potash,  but  Jiitriie  qf  pot* 
oii;  for  when  acetic  acid  is  poured  on  it,  red 
finnes  are  extricated,  which  is  not  the  case  with 
saltpetre.  Now,  it  will  be  shown  in  a  subsequent 
partof  this  chapter,  that  the  atomic  weight  of  it»> 

tTfm  acid  (the  acid  in  nitrite  of" potash)  is  5 -7 J.  It 
will  appear  immediately,  that  nitric  acid  is  corn- 


Digitized  by  C^OOgle 


108 


AZOTIC  GAS. 


posed  of  5  oxygen  and  1 75  azote  ;  consequent- 
ly, cubic  inches^  weighing  10  grains,  is  the 
fifth  part  of  the  whole  oxygen  in  127i  grains  of 
nitre.  This  makes  the  whole  oxygen  in  l^/i 
grains  of  nitre  to  amount  to  147*5  cubic  inches, 
or  50  grains. 

But  Uiough  I  have  made  many  attempts  to 
obtain  the  whole  oxygen  and  azote  in  a  given 
weight  of  nitre,  in  the  gaseous  state,  I  have  only 
met  with  partial  success. 

I  never  succeeded  in  decomposing  nitre  in  a 
porcelain  retort,  without  destro^nnc^  the  vessel 
before  the  decomposition  was  completed.  The 
potash,  as  it  is  evolved,  acts  so  powerfully  upon 
the  vessel,  at  the  high  temperature  which  uuist 
be  kept  up,  that  it  soon  makes  its  way  through 
it,  and  enables  the  gaseous  products  to  escape. 

When  the  nitie  was  mixed  with  twice  its 
weight  of  siliceous  sand,  I  decomposed  it  with 
facility  in  a  common  stone-ware  retort ;  but  the 
retort,  in  the  high  temperature  to  which  it  was 
necessary  to  raise  it,  was  pervious  to  the  air* 
This  prevented  me  from  determining  with  preci- 
sion the  proportion  between  the  volumes  of  the 
two  gases  evolved— and  Wedgewood  retorts, 

though  air  tight,  always  cracked  before  tlie  pro- 
cess was  completed.  In  general,  the  gaseous 
products  consisted  of 

]  volume  azotic  gas 
2*3  volumes  oxygen  gas 
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And  the  proportion  of  azotic  gas  was  always 

ioimd  to  increase  with  the  length  of  the  process. 
I  came  nearer  tiie  truth  with  a  small  quantity  of 
nitre  than  with  a  large  quanity-^ut  I  was  never 
able  to  obtain  the  whole  volume  of  gas  which 
nitre  is  capable  of  giving  out. 

I  next  tried  to  decompose  nitre  by  heating  it,  By 
mixed  with  charcoal  powder,  in  a  copper  tube. 
Hie  tube  was  heated  to  redness^  and  the  gaseous 
products  collected  over  mercury.  By  this  pro- 
cess^ I  obtained  a  greater  volume  of  gas  than 
fiitre  itself  is  capable  of  giving  out in  some 
ciscs,  the  volumes  of  the  azotic  gas  and  caibohic 
add  gas»  evolved*  were  to  each  other  as  fol* 
lows: 

1  Yoliim  asottc 

volumcB  carbonic  add* 

But  ill  general,  the  gas,  unabsorbable  by  potash, 
bore  a  greater  ratio  to  the  carbonic  acid  gas  than 
Ae  preceding ;  and  the  longer  the  heat  was  con- 
tinued, the  greater  was  the  quantity  of  unab- 
sorbable gas  evolved.  There  was  always  evolved* 
fikewise,  a  very  considerable  quantity  of  water.  ' 
It  was  impossible  to  doubt,  that  the  charcoal 
(though  X  had  previously  heated  it  strongly  in  a 
vind  furnace)  contained  both  oxygen  and  hy« 
drogen  ;  and,  when  I  substituted  Kilkenny  coal 
for  charcoal,  my  results  were  not  more  satisfac- 
tory.  With  Kilkenny  coal,  the  proportion  of 
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water  formed  was  greater,  and  of  carbonic  acid 
amaUer^  than  when  charcoal  was  used. 

My  next  process  was  to  mix  togetinet  nitre 
and  clean  iron  filings — to  introduce  the  mixture 
intoa  ci^per  tube— and  to  expose  it  to  ared heat 
In  this  process,  the  oxygen  of  the  nitre  united 
with  the  iron  tilings,  while  the  azote  was  evolved 
in  the  gaaeous  stat&   Four  experiments  made  in 

this  way  very  nearly  agreed  with  each  other. 
I  tound,  that  8*65  grains  of  nitre  gave  out  four 
cubic  inches  of  azotic  gas,  supposmg  the  baro- 
meter to  stand  at  30  inches,  and  the  thermome- 
teif  at  6C  It  will  be  more  convenient  to  divide 
these  quantities  by  4  ;  this  will  give,  as  a  result, 
1  cubic  inch  of  azotic  gas  from  2*1625  grains  of 
nitrate  of  potash. 

Now,  since  tlie  specific  gravity  of  azotic  gas 
is  0-97^%  a  cubic  inch  of  it  weighs  0*296^^ 
grain ;  and  this  is  the  weight  of  azote  in  S'l625 
grains  of  nitre. 

But  nitre  is  anhydrous :  the  atomic  weight  of 
nitric  acid  is  6*7^,  and  of  potash  6;  conse- 
quently, nitrate  of  potash  is  composed  of 

Nitric  add  6*75 

Potash  6 


And  2*16^  grains  of  nitre  contain  V144iB5^ 
grain  of  nitric  acid.  The  preceding  experimeuts 
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pm  08  the  weight  of  azote  in  this  qiumtity  ef 

nitric  acid,  and  the  remainder  of  the  weight 
fflust  be  oixjgsai  consequeatly,  nitiic  acid  is 
omposedof 

Asote    0-296527  or  1'7477 
Oxygen  0-84i>^:i4  -  5  ^ 


1-144852  6*7477 

JBut  there  is  obviously  a  slight  inaccuracy  in  this 
analyaifl^  for  itgivea  ub  the  atomic  weight  of  ni- 
tric acid  6*7^77>  instead  of  6*7^,  which  we  found 
above  to  be  the  true  quantity.  It  is  clear,  that 
this  error  lies  in  the  azote,  which  is  a  little  too 
low,  and  not  in  the  oxygen,  which  must  consti- 
tute a  whole  number  of  atoms.  Had  I  obtained 
6m  8*65  grains  of  nitre  4*(XH  cubic  inches  of 
azotic  gas,  instead  of  4  cubic  inches,  tins  error 
would  not  have  existed.  But  my  apparatus  was 
not  delicate  enough  to  measure  the  gas  evolved 
so  exactly — I  may,  in  reality,  have  obtained 
iKXH  cubic  inches,  without  perceiving  the  slight 
difference  in  volume. 

There  can  be  no  doubt,  from  these  experi- 
meotSy  that  the  true  composition  of  nitric  acid  is 

Aiote  1*75 
Oxygen  5 

6-75 

Or  it  is  composed  of  1  atom  of  azote  and  5 


Weight  of 
tl>c  atom  of 
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atoms  of  oxygen ;  aod  an  atom  of  azote  weighs 

It  appears  from  an  expeiiment,  which  !  have 
stated  above,  that  8*65  grains  of  sallpetie  coo- 
tain  4<KH  cubic  inches  of  azotic  gas.  Now,  as 
nitre  is  a  compound  of  6  potash  and  6*75  nitric 

acid — and  as  nitric  acid  is  a  compound  of  1*7^ 
azote  and  5  oxygen — it  is  obvious,  that  8*65 
l^rains  of  nitre  contain 

Azote  I'l 87254  gr.  or  4*00386  cubic  inches. 
Oxygen  3-392165  -   -  10*00960  cubic  inches. 

4*579410 

* 

Now,  4.-00386  : 10-00960  : :  1  : 2-5.  So  that  the 
constituents  of  nitric  acid,  when  converted  into 
gaseSy  consist  of 

1  volome  azotic  gas 

2^  volumes  oxygen  gas. 

But  we  have  seen  alread)^,  that  half  a  volume  of 
oxygen  gas  is  equivalent  to  an  atom.  It  is  ob- 
vious,  that  a  volume  of  azotic  gas  is  equivalent 
to  an  atom  $ — in  this  respect,  azotic  gas  agrees 
with  hydrogen  gas,  chlorine  gas,  and  the  vapour 
of  iodine. 

The  specific  gravity  of  azotic  gas  is  obtained 

by  multiplying^  its  atomic  weight,  1*75,  by  0*5555. 
The  product  is  0*97^^  which  we  have  found  to 
be  the  true  specific  gravity  of  this  gsis. 
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Nitric  acid  is  the  cooipgimd  ot'aaote  and  oxy- 
gen, which  ccmtaim  the  maximum  quantity  of 
oxygen.  It  is  obtaiued  by  heating  a  mixture  of  Method  of 
nlphuric  acid  and  nitre,  in  a  retort,  to  which  a 
receiver  is  luted.  When  6^  parts  of  the  strong- 
est sulphuric  acid  of  commerce  are  mixed  with 
1^  parts  of  nitre,  tliaroaghly  freed  from  water, 
sDd  perfectly  pure,  the  acid  whidi  comes  over 
is  the  strongest  that  can  be  procured.  Its  speci- 
fegravity  is  about  l-5^>  and  it  is  a  conipoundof 
1  atom  acid  and  1  atom  water>  or  it  contains 

Real  add  85*714  parts 
Water      14*286  paiti 

lOO-OOQ 

When  ISi  parts  of  sulphuric  acid  are  mixed  with 
V2\  parts  of  pure  anhydrous  nitre,  the  whole  ni* 
the  acid  may  be  obtained  without  any  loss ;  but 
its  specific  gmvity  is  only  1'485^»  and  it  is  a 
compound  of  1  atom  real  acid,  and  2  atoms 

« 

water. 

When  nitric  add  is  quite  free  from  nitrous 

gas,  it  is  colourless,  and  nearly  as  liinpid  as  wa- 
ter j  but  the  preBence  of  this  gas  gives  it  a  yellow,  ^J^*^  *^ 
a  red,  or  a  brown  colour,  according  to  its  quan** 
bty.  This  gas  grcatl}'  increases  the  volatility  of 
the  acid,  but  its  effect  upon  tlie  specihc  gravity 
not  so  great  as  I  had  anticipated— ^e  volume 
rf  the  acid  being  increased,  nearly  in  proportion 
to  the  quantity  of  gas  absorbed. 

Vol.  L  H 
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Table  cihi.  The  following  table,  from  a  set  of  experiments 
mIo^  which  I  made  with  great  care»  exhibits  the  spe- 
cific gravity  of  various  atomic  compounds  of  real 
nitric  acid  and  water*  The  experiments  were 
made,  by  adding  given  quantities  of  water  to 
acid,  of  the  specific  gravity  1  '4855,  and  taking 
Ae  specific  gravity  of  tlie  mixture.  The  strong- 
est acid  which  I  was  able  to  obtain  from  nitre^ 
had  the  specific  gravity  By  deteiniining 

tbe  composition  of  this  acid,  and  observing  the 
rate  at  which  the  specific  gravity  diminishes  with 
the  proportion  of  water  added,  I  concluded, 
that  add  composed  of  1  atom  real  acid,  and  1 
atom  water,  has  the  specific  gravity  1*55« 


AtOBM  of 

Add. 

Atonw  of 
Water. 

Acid  in 

tfjptciJic 
Onvtty. 

1 

1^ 

8 

75<O0O 

148S5 

3 

l-4,5-«> 

4 

COiRK) 

14237 

5 

1-3928 

6 

50*000 

1-3692 

7 

46-260 

1-3456 

8 

42-857 

1-3220 

9 

40-000 

1-3032 

10 

37-500 

l-2&}4» 

11 

35294 

1-2656 

12 

32-574 

1-2495 

13 

31-579 

1-2334 

U 

30-000 

1-2173 

.  1^ 

I  2B«M1 

1-S0i2 

The  acid,  composed  of  1  atom  of  acid  and  4 
atoms  of  water,  seems  to  be  the  most  intimate, 
for  its  boiling  temperature  is  the  highest,  being 
— while  acid,  both  stronger  and  weaker  than 
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ibiSf  boils  at  a  lower  tempei^ature.  This  is  the 
strength  of  the  acid  usually  met  with  in  com- 
merce; it  contains  exactly  (iO  per  cent,  oi  real 
add»  and  40  per  cent,  of  water.  Acid»  of  the 
specific  gravity  1*3692,  contains  just  half  its 
weight  of  water  j — ^it  boils  at  the  temperature  of 
Add  of  the  specific  gravity  l-d03d»  may 
be  con»dered  as  just  the  reciprocal  of  acid  of 
the  specific  gravity  1*4287,  for  it  consists  of  40 
add  +  60  water }  whereas^  the  latter  consists  of 
6D  acid  +  40  water.  Its  boiling  point  is  236°, 
or  1^  lower  than  that  of  the  acid,  whose  boiling 
point  is  a  maximum*  These  boiling  points  were 
determined  by  Mr.  Dalton. 

I  shall  now  take  a  view  of  the  lemaiaioir  com- 
pounds  of  azote  and  oxygen these  are  firo/OiT-  moo  and 
ide  of  azote,  deuloj  idc  of  nzatc,  and  nitrous  acid, 
The  knowledge  oi  the  atomic  weight  ot  azote^ 
uid  the  specific  gravity  of  azotic  gas,  will  enable 
us  lo  make  out  the  composition  of  these  com- 
pounds without  difficulty. 

1.  n*otoxide  of  azote»  the  mtrms  oxide  ofAndjnbor 
\y\\\\  is  usually  obtained  by  exposing  nitrate  of  of  aioie. 
ammonia  to  a  heat  of  about  400°»  or  a  little  high- 
er—it is  a  colourless  gas,  having  a  sweetish 
taste,  aiid  water  absorbs  about  three  fourths  of 
its  volume  of  it  If  you .  mix  100  volumes  of 
pore  dry  protoxide  of  azote,  with  100  volumes 
of  dry  hydrogen  gas,  and  pass  an  electric  spark 
through  the  mixture,  a  detonation  takes  places 

H9 
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and  some  water  is  deposited  upon  the  inside  of 
the  eudiometer.  If  the  experiment  be  made 
when  the  barometer  stands  at  30  inches,  and 
the  thennometer  at  (iO%  the  residual  gas  will 
amount  to  101  *77  volumes.  But  this  gas  is  sa- 
turated with  hu nudity — if  it  were  quite  dry,  its 
volume  would  be  100.* 

Thus  it  appears,  that  when  protoxide  of  azote 
utoi^c  is  mixed  with  its  own  volume  of  hydrogen  gas, 
and  fired,  the  gaseous  residue,  which  is  azotic 
gas,  is  just  equal  to  the  original  volume  of  the 
gas— the  hydrogen  gas  has  disappeared  and  been 
converted  into  water — it  must,  therefore,  haVe 
combined  with  a  quantity  of  oxygen,  which,  had 
it  been  in  the  state  of  gas,  would  have  amounted 
to  half  the  bulk  of  the  hydrogen  gas.  The  con- 
stituents of  protoxide  of  azote  then  are 

1  volnine    uotic  cm  I 

y  condensed  into  one  voiumei 
^  voiiune  of  oxygen  gas  J 

But  a  volume  of  azotic,  and  i  a  volume  of  oxy- 
gen gases,  are  eaeh  equivalent  to  an  atom 
hence  this  gas  is  a  eompoimd  of  1  atom  aaxite  + 
1  atom  oxygen,  so  that  its  atomic  weight  is  ^*7^' 

Welim 


XlM  M>l«»tioa  ot  this  equation  wiH         m  ISa 
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Its  specific  gravity  is  obviously  obtained  by 
addio^  together  the  specific  gravity  of  azotic  gas, 

and  half  the  specific  gravity  of  oxygen  gas. 

Specific  gravity  oi'  azotic  =  0*9722 
^  speciBc  gravity  of  oxygen  =  0*5555 


I  took  the  wptd&c  gravity  of  this  gas  three 

times  successively,  and  obtained  each  time 
1*^^.  This  is  as  near  an  approximation  to 
fte  truth  as  I  coald  reach  with  my  balance—' 
and  is  amply  builicient  to  satisfy  us,  that  the 
ipecific  gravity  above  deduced^  from  the  known 
ipecific  gravities,  volumes,  and  condensation  of 
its  two  constituents,  is  correct. 

2.  Deutoxide  of  azote,  the  niirous  mr  of  Analysis  of 
Pdesfley,  has  been  long  known,  and  for  many  rf?*^"*** 
fCvs  constituted  a  favourite  object  of  research 
among  chemists.  Sir  H.  Davy  was  the  first  per- 
wn  who  attempted  an  accorate  analysis  of  it 
horn  his  experiments  {Researches^  p.  122.)  it 
evident,  that  it  consisted  veiy  nearly  of  equal 
volumes  of  oxygen  and  azotic  gases,  Gay-Lus- 
sac afterwards  demonstrated,  that  its  constituents 
are  1  volume  of  oxygen,  and  1  volume  of  azotic 
gases,  united  together  without  any  condensation. 
He  heated  some  potassium  in  100  volumes  of 
this  gas ;— after  the  combustion  was  at  an  end, 
and  the  whole  ap[>aratus  cooled  down  to  the 

H3 
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temperature  of  the  apartment,  tfaerendual  gas^ 

which  was  pure  azote,  amounted  to  exactly  50 
volumes**— the  potassium  bad  absorbed  the  oxy- 
gen, which  obviously  constituted  half  the  volume 
of  the  original  gas.  Now,  since  i  a  volume  of 
oxygen  gas  is  equivalent  to  an  atom,  and  1  vol- 
ume of  azotic  gas  to  an  atom,  it  is  evident,  that 
deutoxide  of  azote  is  a  compound  of  '2  atoms 
oxygen,  and  1  atom  azote;  consequently,  its 
atomic  weight  is  8*75. 
Its  consti.  xhe  snedfic  sravity  of  this  gas  is  the  mean 
weight,  between  the  specific  gravity  of  oxygen  and  azotic 
gasesy  or  1*04p16.  for 

Sp.  gr.  of  oxygen  gas  1*1111 
Sp.  gr,  of  asottc  gts  0*9782 


8  }  2-0839 


1 '0416  B  sp.  gr.  of  dontoodde  of  aaole. 

I  took*the  spedfiq  gravity  of  this  gas,  prepared 
with  as  much  care,  to  secure  its  purity,  as  possi- 
ble* The  mean  of  three  trials*  differing  from 
each  other  only  by  unity  in  the  fourth  decimal 
place,  was  1*04096.  The  small  diHereuce  be- 
tween this  result  and  the  preceding,  deduced 
from  theory,  which  does  not  exceed  rAnth  part, 
is  probably  to  be  ascribed  to  the  presence  of  a 
litde  azotic  gas,  with  which  it  is  extremely  diffi* 


•  Man.  d'Aicueil.  II.  216. 
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odt  to  prevent  it  firom  being  contaminated,  when 

the  gas  is  prepared  over  water. 

BerzeiiuB  and  Dulong,  in  their  paper  oa  the 
Specific  Gnmty  of  Oase8»  state  its  specific  grav- 
id' to  be  only  1*0010.  But|this  statement  can-^ 
sot  be  accQiate ;  for  it  is  inconsistent  with  the 
specific  gravities  of  oxygen  and  azotic  gases^ 
which  they  themselves  liave  given.  Accorduaig 
to  them,  the  specific  gravil^  of 

Qiqrseii  gas  » 1  •1086 
Awtiegw  » 0*9760 

9  )  8-0786 

lOSQS  B  Bp.  gr.  of  doutoside  of  asole,  de- 
duced from  these  data. 

These  gentleman  have  rated  the  specific  gra- 
vity of  deutoxide  of  azote  a  great  deal  too 
knr. 

If  1  volume  of  protoxide  of  azote,  and  hali'  a 
Tohime  of  oxygen  gas^  were  to  unite  and  be  re- 
duced to  Ith  of  a  volume,  we  should  obtain  a 
compound,  having  the  constituents  and  specific 
gravity  of  deutozide  of  azote.  For 

%!.  gr.  of  protaiide  of  «»ite»  1*5877 

^  sp.  gr.  of  oxygen  gas        b  0*5555 

8)8-0853 

1-041&«  sp.  gr.  of  deutox* 
ideofaiote. 

U  4 
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AnaiyA  of  3.  Nitfous  add  is  an  orange  coloured  liquid^ 
•cUL  which  may  be  obtained  in  a  state  of'  purity,  by 
apomg  diy  nitrate  of  lead  to  heat  in  a  retort, 
w  hile  the  receiver  is  surrounded  witii  a  mixture 
Qf  snow  and  salt  It  is  a.  liquid^  which*  wheni 
newly  prepared,  has  an  orange  colour ;  but  I 
have  never  been  able  to  prevent  it  friun  aequir- 
mg  a  green  coIoup-hi  change  produced  by  the 
absorption  of  a  very  small  quantity  of  water. 
This  acid  was  iirst  obtained  in  a  separate  state  by 
Berzelius— Gay-Lussac  first  ascertained  its  na- 
ture— Dulong  analyzed  it,  by  passing  it  through 
red  hot  copper  wire.  The  oxygen  united  to  the 
copper,  while  the  other  constituent,  the  azote, 
passed  off  in  the  state  of  gas.  By  this  method 
of  proceeding,  he  obtained  its  constituents  as 
f<Jlows  :— 

Azute  l'i5 
Oxygen       4' 178 

This  is  rather  more  than  4  atoms  of  oxygen 
united  to  1  atom  of  azote.  But  that  the  true 
composition  of  nitrous  acid,  is  1  atom  of  saso^ 
and  4  atoms  of  oxygen,  is  obvious  firom  the  fol- 
lowing  experiment,  w  hich  I  have  often  repeated. 

Introduce  iuto  a  cylindrical  glass  tube^  18 
inches  long  and  0-9  mch  in  its  internal  diameter, 
shut  at  one  end,  filled  with  water,  and  standing 
inverted  over  a  water  trough,  100  volumes  of 
common  airj — then  let  up  to  this  air  100  vol- 
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UBies  of  deutojdde  of  azote  the  gaseoua  mix- 
tare  assumes  an  orange  coloor^  and  diminishes 

rapidly  in  volume.  When  the  gas  has  become 
again  colourless,  and  has  ceased  to  diminish,  its 
bulk  will  be  found  to  amount  to  138  volumes. 

To  be  able  to  understand  what  really  takes 
place  in  this  experiment,  we  must  recollect  that 
coomon  air  consists  of  90  volumes  oxygen  gas, 
aod  8U  volumes  azotic  gas ;  and  that  the  yellow 
CDloar  is  occasioned  by  tiie  combination  of  the 
ox)'gen  of  the  common  air,  with  the  deiitoxide  of 
azote  and  tiie  formation  of  nitrous  acid.  The 
iriuJe  oxygen  of  the  air  disappears,  and  the 
amount  of  the  residual  gas  will  euablc  us  to  judge 
<if  the  volume  of  deutoxide,  with  which  it  com- 
liioes. 

The  experiments  were  made  over  water  at  the 
temperature  of  6(f.   Had  the  air  and  deutoxide 

beeidry,  instead  of  saturated  M  itli  moisture,  each 
vould  have  occupied  only  98*253  volumes  instead 
^IdO ;  so  that  the  whole  gaseous  matter  used, 
it  been  dry,  would  have  occupied  l9i^'50G 
volumes.  The  138  volumes  of  residual  gas,  sup- 
posing them  dry,  would  be  reduced  to  135*589 
volumes.  This  last  quantity  subtracted  from 
19fr506  (the  oiigmal  volume)  leaves  60*917  vol- 
tes for  the  quantity  absorbed  or  converted  into 
Qitrous  acid. 

Now  QB-dSd  volumes  of  common  air,  contain 

19*1x5  volumes  of  oxygen,  wluch,  in  order  to  be 


converted  into  nitrous  add,  must  have  combined 

with  41^S67  volumes  of  deutoxide  of  azote. 
According  to  tiiis  experiment  nitrous  add  is 
a  compound  of 

19*65  Tolumes  of  oxygen  gas 
4>1'207  volumes  deutoxide  oi  azote 

Or, 

so  Toliiiiisa  mjgm  gas 

4S  Tiiliiiiiea  dwitciEide  ct  aiote 

4pS  exceeds  SO  x  S  only  by  2  volumes — and  these 
2  volumes  are  absorbed  by  the  air  in  the  wa- 
ter through  which  it  was  passed.  This  air  al- 
ways causes  a  little  of  the  deutoxide  of  azote 
to  disappear,  and  renders  its  absorption  in  all  ex- 
periments made  in  this  way  a  little  greater  than 
the  truth. 

From  the  preceding  experiment,  then,  we  may 
conclude  that  nitrous  acid  is  composed  of 

1  volume  oxygen  gas 

2  volumes  dentonde  of  aiote. 

But  we  have  seen,  in  a  preceding  part  of  this 
chapter,  that  deutoxide  ot  azote  is  composed  of 
1  volume  of  azotic  and  1  volume  of  oxygen  gas, 

united,  without  any  condensation.  It  is  obvious, 
then,  that  nitrous  acid  is  composed  of 

1  volume  ssotie  gas 
S  volumes  osygen  gas. 
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But  a  volume  of  azotic  gas  being  equivalent  to 
an  Mkm,  and  half  a  volume  of  oxygen  gas  equi- 
valent to  an  atom,  nitrous  add  is  obviously  com- 

po^d  of 

1  atom  aiote  tu 
4  stoma  oxygen  wdj^ 

Hence  its  atomic  weight  is  ^*75. 

Such  are  the  atomic  weights  and  constitutions  compoiiiidb 
of  ail  the  known  compounds  of  azote  aiul  oxy'"S,&i'Mo. 
gen.   Azote  appears  likewise  capable  of  uniting  """"  '^'^ 
with  chlorine  and  iodine ;  the  compounds  fimned 
possess  violently  detonating  properties,  and  have 
not  hitherto  been  applied  to  any  useful  purpose. 
I  have  not  m3rself  made  any  experiments  to  de- 
termme  the  compositioa  of  these  substances. 
Davy  made  some  experiments  on  the  chloride  of 
azote,  from  which  he  deduced  its  constituents 
to  be 

4  atoms  chlorine  18 
1  atomaxote        =  1*75 


Gay*Lus8ac»  from  theoretical  considerations^  con- 
iiders  the  iodide  of  azote  to  be  a  compound  of 


Sitomf  Iodine  «  s6*5 
1  atom  note     a  1*75 

37*25 

It  would  be  very  difficult  to  analyze  it,  for  it  de- 
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tonatcs  on  the  slightest  motion  ;  often,  indeed^ 
spontaneously  without  any  agitation  whatever. 
But  azote  enters  into  a  comfainatiofi  with  hy« 

drosren,  of  considerable  inteicst  in  :i  chLniicai 
point  of  view»  as  it  constitutes  ammonia,  or  voia- 
iQe  alkali,  so  much  employed  in  chemical  analy- 
ses, and  so  often  tbrnied  duiiiit;  the  decomposi-' 
ticNi  and  putreiaction  of  aiiimai  substances. 

^^miBoiiM  Anmionia,  in  a  state  of  purity,  is  a  gaseous  sub- 
stance, easily  obtained  by  heating  a  mixture  of 
saUunmouiac  and  quicklime^  3^  parts  of  pure 
qutckfime  are  sufficient  to  decompose  6|  parts  of 
sal-ammoniac  ;  but  it  is  better  to  add  a  consider- 
able excess  of  quicklime.  Indeed,  I  always  fill 
the  small  retort  in  which  the  sal-ammoniac  is 
put  with  quicklime,  wbicli  is  oi  service  by  pre* 
▼enting  the  two  speedy  extrication  q€  moisture^ 
which  stops  the  evolution  of  the  gas. 

Ammoniacal  gas  must  be  received  over  mer- 
cury ;  for  it  is  the  most  absorbable  of  all  the 
gases  by  water,  1  volume  of  that  liquid  absorb- 
ing 780  volumes  of  ammoniacal  gas. 

Ajui^of  When  pure  dry  ammoniacal  gas  in  a  glass 
tube,  standing  over  mercury,  is  exposed  to  a 
continued  series  of  electrical  sparks  passed 
through  it,  decomposition  takes  place ;  its  volume 
is  just  doubled ;  and  it  is  found  to  consist  of  a 
mixture  of  one  volume  azotic  and  three  volumes 
hydrogen  gas.  This  experiment  was  first  made 
by  M.  Bertbdlet  senior.    It  was  afterwards  re^ 
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peated  with  great  care  by  M.  Bertlioilet  jumoTt 
Sr  H.  Davy,  and  Dn  Henry**    What  I  have 

just  stated,  is  the  ol)\  lous  deduction  from  these 
elaborate  and  diiiiciiit  experiments.  As  in  azo- 
tic and  hydrogen  gases,  volumes  are  equivalent 

to  atoms,  it  iuiiows  that  ammonia  is  a  compound 
of 

1  atom  azote  s  i«75 

S  atoms  hydrogen  ».  0*S75 

2*185 

So  that  its  atomic  weight  is  2*125. 

Ammoniacal  gas  has  been  shown  to  be  a  com* 
pound  of  one  volume  azotic  and  three  volumes 
hydrogen  gas,  condensed  into  two  volumes.  Its 
specific  gi*avity,  of  course,  will  be  obtained  by 
idding  together  the  specific  gravity  of  azotic 
gas,  and  three  times  the  specific  gi*avity  of  hy- 
drogen gas,  and  dividing  the  sum  by  two.  This 
gives  us  0'590Si  for  the  true  specific  gravity  of 
this  gas. 

Sir  H.  Davy  took  the  specific  gravity  of  tiiis 
gas  with  great  care,  and  obtained  for  a  result 

'Dr.  HcDiy,  ma  paps  an  tta  AwAym  of  die  Aerifem  Corapounds  of 
Vib««ai>  prfiMd  bk  1804^  but  not  yet  pubUbbed,  hm  rep&Utd  Htm  analpit 
«f  amnoaia  wHh  Hill  grciacr  ctf,  aad  bat  alMaiiied  ratulii  which  teraly 
^•ft*  from  time  in  the  text.  The  ■nunomacal  gu  wu  doubled  by  the 
<lMe  qMHoi  and  tiw  ga^tims  increHcd  in  fohtoM^  was  found  a  naxtuiv 
vohuaa  Molfa  and  ftwe  vohmwi  hyd>iaf«> 

Dr.  H«ar]r*i  laaljMs  of  proloiide  ofiaola^  deuto«ida  of  aaoft^  and  nitrie 
*H  IbUy  oonftrm  the  tMmmnti  in  Ott  pxacoding  part  of  thii  diaplcr. 
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0*59Ult>i.  A  set  of  experiments  to  determine 
the  specific  gravity  of  this  gaS|  made  with  great 
care  in  my  laboratory,  gave  (the  mean  of  three 
trials)  0*59031.  Davy  found  the  specific  gra- 
vity of  this  gas  a  little  below  the  theoretical  re- 
sult, while  I  obtuned  it  a  little  above  it — but  if 
we  take  the  mean  between  these  two  specific 
gravities^  we  obtain  0*590^7,  which  difiers  firom 
the  theoretical  result  by  less  than  louooth  part* 
There  cannot  be  the  least  doubt  that  the  atomic 
weight  and  specific  gravity  of  ammoniacal  gas 
have  been  determined  with  precision.  ■ 

But  as  the  exact  knowledge  of  the  composi- 
tion of  this  substance  is  a  most  important  point 
in  the  theory  of  chemistry,  it  will  not  be  amiss  to 
exhibit  even  a  redundancy  of  evidence.  I  shall, 
therefore,  add  a  few  additional  experiments. 

AwlyA  of    1.  Oxalate  of  ammonia  is  a  neutral  salt,  which 
asnmoow.  crystallizes  in  beautiful  transparent  prisms.  It 
is  not  very  soluble  in  water.    Its  constituents  I 

have  found,  by  a  careful  analysis,  to  be 

1  atom  oxalic  acid       .  4*5 

1  atom  ammoola  S*125 

2  atoms  water  £-85 

8*875 

8*875  grains  of  this  salt  were  dissolved  in  a  small 
quantity  of  distilled  water.   6«S5  grains  of  pure 

calcareoub  spar  (equivalent  to  3'5  granis  of  lime) 
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were  dissolved  in  muriatic  acid :  the  solution 
jm  evaporated  to  diyness,  and  the  diy  residual 
mlt,  constituting  muriate  of  lime,  was  re-dissolv- 
ed in  a  little  water.  The  two  solutions  being 
mized,  a  double  decomposition  took  place>  and 
oxalate  of  lime  subsided  to  the  bottom.  As 
800Q  as  the  supernatant  liquid  had  become  quite 
clear^  it  was  tested  by  oxalate  of  ammonia,  and 
by  muriate  of  lime ;  but  was  not  rendered  mud- 
dy by  either  ot  these  reagents, — showing  that  it 
contained  no  lime  nor  oxalic  acid.   From  this  it 

is  obvious,  that  8*875  grains  of  oxaJale  of  ammo- 
nia contain  just  the  quantity  of  oxalic  acid  re- 
quiaite  to  saturate  3*5  grains  of  lime*  Now»  3*5 
being  the  atomic  weight  of  lime,  the  oxahc  acid 
in  8*875  grains  of  the  oxalate  must  be  the  equi- 
valent of  an  atom,  or  4*5 ;  for  it  will  be  shown 
afterwards  that  4»'5  is  the  atomic  weight  ot  oxalic 
add. 

The  liquid  from  which  the  oxalate  of  lime  had 

piLcipitated  was  neutral:  hence  the  muriatic 
add  in  the  muriate  of  lime  was  just  capable  of 
aaturating  the  whde  ammonia  in  the  8*875  grains 
of  oxalate  of  ammonia.  Now,  this  muriatic  acid 
weighed  exactly  4-6d5  grains.  And  it  will  be 
Aown  in  the  next  paragraph,  that  4*6£5  grains 
of  muriatic  acid  just  saturate  grains  of 

smmonia.  This,  therefore^  is  the  quantity  of 
wnnonia  in  8*87^  grains  of  oxalate  of  am- 
monia. 
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We  have  thus  determined  tlie  weigiit  of  acid 
and  ammonia  in  grains  of  oxalate  of  am- 
monia. The  surplus  weight  being  undoubtedly 
water,  it  is  obvious  tiiat  the  coastituents  of  oxa- 
late of  ammonia  are 

t  atom  oxalic  acid  4*5 

1  atom  ammonia  d*I25 

2  atoms  water  8<25 


The  atomic  weight  of  ammonia  in  this  salt  is 
undoubtedly 

of«a^        Sal-ammoniac,  when  newly  sublimed,  or 

when  dried  for  some  time  upon  the  sand  bath, 
is  an  anhydrous  salt  It  is  neutral  ^  and,  there- 
fore, a  compound  of  one  atom  muriatic  and  one 
atom  ammonia. 

1  atom  niui  iatic  acid  •  4*625 
1  atom  ammonia  •  2*125 

6-75 

675  grains  d£  pnre  dry  sal-ammoniac  were  dis- 
solved in  water;  ^Z\*5  grains  ot  pure  anhydrous 
nitrate  of  silver  were  dissolved  in  another  portioa 
of  water,  and  the  two  solutions  were  mixed.  A 

double  decomposition  took  place,  and  chloride 
of  silver  precipitated*   At  soon  as  the  residual 

liquid  had  become  clear,  it  was  tested  by  nitrate 
oi  Sliver  and  common  salt    Neither  of  these 
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gaits  pioduced  any  eflfect,  if  we  except  an  almoit 
imperceptible  opalescence  nAach  appeared  when 
the  coalmen  salt  was  added  ^  but  there  was  no 
piecipitate  whatever,  even  after  the  liquid  had 
stood  a  week.  From  this  experiment  it  is  obvi- 
oas»  that  6-75  grains  of  sal-ammoniac  contain 
just  4*605  grains  of  nmriattc  acid ;  for  that  is 
the  quantity  necessary  to  saturate  the 
gnuos  of  oxide  of  silver  present  in  grains  of 
mtnte  of  ailven   Hence  the  other  oonstttuent 

of  the  salt,  the  ammonia,  must  weigh  2*1  JJ,  be- 
cause tliat  is  the  weight  wanting  to  make  up  the 
fiiU  quantity  of  sakanunomac  employed ;  and, 
as  sal-ammoniac  is  neutral,  and  4f'G2^  the  atomic 
weight  of  muriatic  acidi  ^ISd  must  be  the  atomic 
wdght  of  fimittoiiia* 

3.  13*5  grains  of  diy  sal«ammoniac  were  wrap-  Analyse  of 
ped  up  in  blottiDg  paper,  and  dropped  into  a  re-^^SoSw. 
tort  filled  with  dichlorideof  limei  (Mr.  Tennant's 
bleaching  powder,)  made  into  a  tiiiu  paste  with 
water.  The  whole  retort  and  beak  was  then 
iled  with  water,  and  the  beak  of  the  retort  was 
^UQged  into  a  water  trough,  under  an  inverted 
graduated  jar,  filled  with  waten  As  soon  as  the 
paper  rounJ  the  sal-ammoniac  was  sufficiently 
K^ned  to  allow  the  dichloride  to  come  in  con* 
tact  with  the  salt,  an  effervescence  took  place, 
and  azotic  gas  was  disengaged.  This  is  just  the 
^ct  always  produced  when  chlorine  and  am- 
mooiacal  ffis  come  in  contact   The  lime  which 

V«uL  I 
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was  in  excesB  in  the  salt  decomposed  the  saU 
ammoniac ;  and  the  ammonia,  as  it  vris  evolved, 
came  in  contact  with  chlorine,  and  was  decom- 
posed ;  the  hydrogen  uniting  with  the  chlorine, 
and  the  azote  being  disengaged  in  the  gaseous 
state*  The  action  is  so  violent*  it'  the  dry  sal- 
ammoniac  be  dropped  at  once  into  the  retorts 
that  it  is  difficult  to  coUect  the  whole  gas  i  but 
wbeii  the  salt  is  wrapped  in  paper,  the  action 
is  slow,  and  the  gas  may  be  all  collected  with 
the  greatest  faciUty.  The  azotic  gas  obtained  in 
this  process  was  11*7  cubic  inches,  at  the  tern* 
perature  of  47%  and  when  tlie  barometer  stood 
-at  S9*93  inches.  This  is  equivalent  to  11-853 
cubic  inches'  of  dry  gas,  of  the  temperature  60% 
and  under  a  pressure  of  30  inches  mercury* 

This  constitutes  the  whole  amount  of  the  azo- 
tic gas  in  4f'25  grains  of  ammonia,  the  quantity 
contained  in  13*5  grains  of  dry  sal-ammoniac. 
Now,  11*853  cubic  inches  of  azotic  gas  wrigh 
3*514?7  grains  ;  Hence  it  follows,  that  tlie  weight 
of  the  oth^  constituent,  the  hydrogen,  is  0*7353 
grain.    Consequently,  ammonia  is  composed  of 

0 

Azote  1'7573       or    1  volume 

U^drogea    0*3676  — 
ii<  ■  ■ 

The  small  excess  of  azote  in  this,  experiment  was 
owing  to  a  small  admixture  of  comnion  air  with 
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ihe  azote^  in  consequeace  of  the  gas  standing  2it 
boon  over  the  water. 

The  experimeni  was  i  epeated  seven  times,  ia 
various  ways,  and  the  mean  oi'  the  whole  came 
exoeediogly  near  11*8  cubic  inches  of  diy  azotic 
gas  from  13-5  grams  of  sal-ammoniac.  Tins 
3^4993  grains*  giving  us  the  composition 
of  ami  nonia  as  follows  i 

Azote  1 74965        or    1  vol  u  me 

Hydrogen    0*37535       ^  3*0028 


s*ia5oo 

This  analytical  result  of  direct  experiment  comes 

within  less  than  loooth  part  of  the  theoretical 
estimate ;  and*  taken  t<^ether  with  the  precede 
ing  facts,  can  leave  no  doubt  of  tlie  composition 
ol  ammonia. 


IS 


Digitized  by  Google 


CHAP.  VL 


OF  THE  ATOMIC  WEIGHTS  OF  THE  ACIDI- 
FIABLE  COMBUSTIBLES. 

The  simple  bodies,  which  I  have  distinguished 
by  the  name  acidifiable  combustiblesy  are  the 
nine  following : 

1  Hydrogen,     4  Silicon,  7  Selenium, 

2  Carbon,         5  Phosphorus,      8  Arsenic, 

3  ^ron,  6  Sulphur^  9  Tellurium. 

I  have  already  treated  of  hydn^en  in  the  first 

chapter  of  this  work.  I  shall  endea\  our  in  this 
chapter  to  eatablish  the  atomic  weights,  and  to 
point  out  the  principal  combinations  of  the  re- 
maining eight.  These  bodies  differ  fvom  all  the 
Other  combustible  substances  in  the  property 
which  they  have  oC  entering  into  gaseous  com- 
pounds, either  with  hydrogen  ^as  or  iiuoric  acid, 
whik  none  of  the  other  combustible  bodies  enter 
into  any  gaseous  combination  whatever*  An. 
accurate  knowledge  of  their  atomic  weights  will 
be  found  importantf  not  merely  as  connected 
with  chemical  analysis;  but  because  it  throws 
an  important  light  on  the  relation  between  the 
atomic  weight  and  the  specific  gravity  of  gaseous 
bodies. 

13 


134  ACIDIFIABLE  COMBUSTIBLES. 


SECT.  JL. 

OF  THE  ATOMIC  VEtOHT  OF  CABBON. 

British  chemists  seem  all  agreed  in  opinion 
respecting  tlie  atomic  weight  of  carbon.  It  is 
to  the  atom  of  oxygen  as  6  to  8 ;  consequentlyt 
if  an  atom  of  oxygen  be  reckoned  unityf  an 
atom  of  carbon  must  be  represented  by  O'JS* 
Berzeliusy  who  is  followed  by  a  gieat  proportion 
of  the  chemists  on  the  continent,  considers  the 
atomic  weight  of  carbon  to  be  07533.  As  this 
number  di£fers  nearly  1  per  cent,  from  0*75,  I 
have  been  at  great  ])ains  to  endeavour  to  deter- 
mine wliich  of  the  two  is  nearest  the  truth ;  and 
I  shall  here  describe  a  set  of  experiments  whicii 
I  made,  with  that  specific  object  in  view,  ^^  ith 
every  possible  att^tion  to  the  most  minute  ac- 
curacy. 

(^bonic  established  by  the  expeiiments  of  La- 

contains  its  voisicr,  aud  has  been  amply  confirmed  by  sue- 

Yoluines  of  .  . 

oxygen  gas.  ceeding  experimenters,  that  when  carbon  is 
>bumt  in  oxygea  gas»  the  volume  of  the  gas  un- 
dergoes no  alteration  ;  but -it  is  converted  into 
carbonic  acid.  It  is  obvious  trom  tlm  that,  if 
we  subtract  the  spedfic  gravity  c£  oxygen  gas 
from  that  of  carbonic  acid  gas,  the  remainder 
will  give  us  tlie  weight  of  carbon  witli  which  a 
volume  of  oxygen  gas  has  united ;  md,  of  course, 


Digitized  by  Google 


CABBON 


135 


fiinuah  us  with  the  requisite  data  for  detemun* 

mg  die  exact  composition  of  carbonic  acid  gas. 

We  have  three  sets  of  experiments  on  the  spe- 
cific gravity  of  carbonic  add  ga8»  which  appear 
to  have  been  made  with  great  care.  The  foUow- 
mg  are  the  results  obtained : 

1*5196  •  by  Biot  and  Araga, 
1«5S678  by  my  experimenti. 

1-5240  by  Benetins  and  Dulong. 


Theae  imilts  differ  too  much  firom  each  other 
to  enable  us  to  deduce  from  them  the  composi- 
tion of  carbonic  acid,  with  the  requisite  degree 
ofpredsion^  nor  have  we  any  ciiterion  by  which 
we  can  discover  which  of  the  three  results  is 
nearest  the  truth.  My  own  determination  is  the 
ittghest»  Bnd  that  of  Hot  and  Arago  the  lowe^ 
Nuw,  if  any  error  resulted  from  the  impurity  of 
the  gas  weighed^  the  probabiUty  is,  that  it  would 
dimiiuah  the  specific  gravity  somewhat^  for, 
comniou  au,  the  only  gas  hkely  to  contaminate 
the  carbonic  acid  gas  examiued,  is  a  good  deal 
lij^ter.  So  far  the  probabiUty  of  accuracy  ra- 
ther  inclines  to  my  own  result ;  but  it  is  not 
ificient  to  enable  us  to  decide  the  point,  fai*  less 
to  determine  whether  my  own  result  be  not  in 
reality  a  little  too  low.  This  uncertainty  suggest- 
ed  to  me  a  method  similar  to  tliat  by  which  the 
specific  gravities  of  oxygen  and  hydrogen  gases 
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were  determiaed  in  the  first  chapter  of  this  worL 

I  shall  now  lay  the  leiiuk  of  these  experiments 
before  the  reader. 
Compon-     1.  It  is  well  koowii,  diaty  when  calcireous  spar 

tion  of  car-  ^  * 

tranatc  of  oi*  cai'bonatc  of  lime  is  exposed  to  a  white  heat, 
it  loses  its  carbonic  add,  and  is  converted  into 
quicklime.  I  exposed  given  quantities  of  very 
pure  crystallized  calcareous  spar,  inclosed  in  a 
platinum  crucible,  covered  with  a  Iid»  to  the 
greatest  heat  oi  a  wind  iurnace,  in  order  to  de- 
teimine  the  weight  of  carbonic  acid  which  would 
be  driven  offi  The  loss  of  weight  in  different 
trials  was  not  rigidly  the  same.  However,  by  a 
number  of  ezperimentSy  vioitd  by  unitii^  the 
lime  to  sulphuric  acid,  and  determniing  the 
weight  of  sulphate  of  lime  remaining  after  igoi' 
tion,  I  satisfied  myself,  that,  when  none  of  the 
lime  is  lost,  and  when  tlie  carbonate  is  anhy- 
drous, 100  grains  of  it,  when  deprived  of  its  car- 
bonic acid,  lose  exactly  44  i^iains.  The  remain- 
ing 56  grains  are  lime.  Carbonate  of  lime,  then, 
is  a  compound  of 

Carbonic  acid  .  44  or  1 1 
Lime        .      .      56  14 

100  S5 

It  will  appear  afterwards,  thai  the  atomic 
weight  of  lime  is  3*5.    Now,  14  :  11  : :  : 
9  ao  that  (if  carbonate  of  lime  be  a  com- 
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|KNiiid  of  1  atom  lime  and  1  atom  carbonic  add) 

tiie  atomic  wei^rht  of  carbonic  acid  is  %''J5.  The 
taiiowiug  experiment,  which  I  have  repeated 
moie  tlilin  once»  iriU  ahour  tbat  this  determina* 
tioii  is  rigidly  exact. 

I  muat  begin  by  stating,  what  will  be  after-  ^^^^^^ 
waids  proved,  that  an  atom  of  potaah  weighs  6.  carbonic 
This  alkali  combines  in  two  proportions  with  GET-  mined, 
bonic  add,  forming  a  carbonate,  composed  of  1 
rtom  potash,  muted  to  1  atom  carbonic  add ; 
and  a  bicarbomtey  composed  of  1  atom  potash, 
and  a  atoma  carbonic  add.   The  latter  of  these 
«aitB  crystallizes  in  large  transparent  and  pernuu 
neut  crystals,  not  afiected  by  exposure  to  the  au*. 
It  can  easily  be  procured  in  this  stale  in  this 
country,  very  nearly  pure,  being  only  occasion- 
ally contaminated  by  a  little  lime  and  a  httie 
mm.   IF  we  dissolve  these  er3rstals  in  distilled 
v;atcr,  filter  the  solution,  evaporate  it  to  dry- 
oesB,  and  expose  the  saline  residue  to  a  red  heat, 
we  obtain  anhydrous  carbonate  of  potash  in  a 
state  of  great  purity.     Dissolve  87 i  grains  of 
tins  salt  in  water ;  dissolve  in  muriatic  acui 
gninsof  pure  anhydrous  carbonate  of  lime;  eva^ 
porate  tlie  solution  to  dryness,  in  a  gentle  heat, 
to  drive  oft*  the  excess  of  acid  \  and  dissolv  e  the 
muriate  of  lime  formed  in  distilled  water.  Thus 
we  have  two  solutions,  containing  each  determi- 
nate quantities  of  a  particular  salt :  the  first  so- 
lution, 87^  grains  of  carbonate  of  potash,  and  the 
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second,  a  qoantily  of  muriate  of  lime  equivalent 
to  G^i  grains  X)i  carbonate.   When  these  two  so* 

lutioQS  are  mixed,  a  double  decomposition  takes 
place;  the  lime  and  carbonic  add  unite  together, 
and  precipitate  in  the  state  of  carbonate  of  lime, 
while  the  muriatic  acid  and  potash  remain  in  so- 
lution, constituting  muriate  of  potash.  If  we 
examine  the  clear  residual  liquid  after  tlic  car- 
bonate of  lime  has  precipitated,  we  shall  iind  in 
it  no  uncombined  potash,  and  no  carbonate  of 
potash  ;  for,  cudbear  papei,  dipped  into  it,  is 
not  in  the  least  altered,— although  a  very  minute 
quantity  of  uncombined  alkali,  or  alkaline  car* 
bonate,  gives  it  a  violet  stain.  Neither  does  it 
contain  any  sensible  quantity  of  lime  $  for  it  is 
not  in  the  least  altered  by  the  addition  of  a  few 
ill  ops  of  oxalate  of  auinionia.  When  the  preci- 
pitated carbonate  oi*  lime  is  collected  and  dried^ 
it  weighs  exactly  62i  grains,  or  is  just  equal  to 
the  original  quantity  ol  carbonate  of  lime  em- 
ployed—«  dear  proof  that  it  contains  all  the  lime 
and  all  tiie  carbonic  acid  of  the  two  salts. 

This  experiment  will  be  more  easily  under- 
stood if  we  divide  the  quantities  employed  by 
10.  We  thus  get  8*75  grains  ot  carbonate  of 
potasli,  and  6*^  grains  of  carbonate  oi  hme— 
each  constituting  an  integrant  particle  of  the  an- 
hydrous salt  j  ibr  caibonate  of  pola^jh  it>  com- 
posed of 
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8-75 

And  carbonate  of  lime  of 

Carbonic  acid  2*75 
Lime  3*5 

The  carbonic  acid  was  separated  from  tliis  car- 
boiiate,  and  an  atom  of  muriatic  acid,  weighing 
*  02.3,  was  substituted  in  its  place — i'orming  mu- 
riate of  lime»  composed  of 

Muriatic  add       4  625 
Lime  S'5 


6*125 

The  3-5  lime  and  the  52*75  carbonic  acid  united 
togeflier,  and  formed  6*d5  carbonate  of  lime. 
In  t!ie  same  way,  the  6  potash  and  the  4'6'25 
muriatic  acid  united  together ;  and  these  respec- 
tive quantities  of  acid  and  base  exactly  neutral- 
ized each  other  ;  for  both  the  caibonate  of  lime 
uid  the  muriate  of  potash  were  perfectly  neu- 
taL  It  is  clear  from  this  experiment,  that  the 
atomic  weight  ot  carbonic  acid  is  just  S^y^. 

3.  Two  facts  of  great  importance  have  been  as- 
certained by  the  preceding  experiments  ;  naiue- 
I;,  I.  That  an  atom  of  carbonic  acid  weighs 
875,  2.  That  100  grains  of  pure  carbonate  of 
li^e  contain  exactly  44  grains  of  carbonic  acid. 
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Specific    "Yhe  next  object  which  eiiffiiffed  my  attention 

gravity  of  O^D  J 

cMtwnic  was,  to  diseni^a^j^e  the  carbonic  acid  from  100 
termined.  graiQS  ol  calcaieous  spar,  and  collect  it  over  mer- 
cury, in  order  to  ascertain  its  volume*  This  ex* 
periment  appears  so  easy,  that  the  reader  will  be 
surprised  to  liear,  that  a  considerable  tune  elaps* 
ed,  and  many  fruitless  experiments  were  made» 

before  1  was  able  to  make  it  with  accuracy. 

The  iirst  metiiod  that  I  tried  was,  to  fiU  a  gra- 
duated glass  jar  with  mercury,  to  let  up  into 
it  some  muriatic  acid,  and  then  to  introtUice 
a  given  weight  of  calcareous  spar*  By  this 
method  the  carbonic  acid  was  extricated  with 
great  rapidity  ;  but  the  volume  of  gas  obtained 
was  always  considerably  greater  than  it  ought  to 
have  been,  judging  from  my  previous  knowledge 
of  the  specific  gravity  of  carbonic  acid  gas.  The 
reason  I  found  to  be^  that  a  portion  of  the  mu- 
riatic acid  had  been  disengaged  in  the  fcMrm  of 
gas,  had  mixed  with  the  carbonic  acid  gas,  and 
had  augmented  its  volume*  Thus  the  gas  from 
100  grains  of  calcareous  spar  sometimes  amount- 
ed to  ia9i  cubic  inches ;  while  I  knew  that  the 
true  volume  of  the  gas,  if  pure,  could  not  exceed 

94i  cubic  inches. 

1  attempted  to  prevent  this  extncation  of  mu- 
riatic acid  gas,  by  employing  very  weak  muria- 
tic acid  for  dissolving  the  calcareous  spar ;  but 
when  the  experiment  was  made  iu  this  way,  tlie 
volume  of  carbonic  acid  gas  extricated  fell  al- 
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ways  a  little  below  the  truth.  The  reason  I 
found  to  be,  that  a  portion  of  the  carbonic  acid 
remained  in  the  liquid  muriatic  acid,  and  did  not 
assume  the  craseous  form  at  all. 

Wiien  acetic  acid  was  used,  the  extrication  of 
gas  went  on  very  slowly,  unless  the  carbonate  of 
lime  was  in  powder ;  and  the  gas  extricated  was 
always  below  the  true  quantity,  because  it  did 
not  all  assnme  the  elastic  state. 

Sulpliuric  acid  did  not  answer  well,  because 
the  sulphate  of  lime  formed  was  apt  to  screen 
some  of  the  calcareous  spar  from  the  action  of 
the  acid,  and  thus  to  prevent  the  whole  gas  from 
being  obtained* 

Oxalic^  tartaric,  and  citric  adds,  could  not  be 
used,  for  a  similar  reason.  Nitric  acid  was  ex- 
cluded, because  it  acted  on  the  mercury. 

FoQed  in  my  attempts  to  determine  the  vo- 
lume of  carbonic  acid  gas  extricated  from  a  given 
weight  of  calcareous  spar  by  the  above  method, 
I  had  recourse  to  another,  which  sncceeded  per- 
fectly. 

To  the  beak  of  a  small 


and  B,  and  the  upriglit  u 


leDgtb,  that  it  reached 

very  nearly  to  the  top  of  the  graduated  gbas 


leg,  B,  C,  of  such  a 
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jar  D»  fitted  at  its  top  £  with  a  stop  cock. 

The  capacity  of  the  retort  was  36  cubic  inches. 
Tins  apparatus  was  attached  to  a  merciuial 
trough,  so  that  the  jar  D  could  be  placed 
over  the  upright  tube  B,  C.  Tlie  stop-cock  F 
being  shut,  I  opened  the  stop-cock  £,  and  with 
my  mouth  sucked  the  air  out  of  the  jar  till 
only  5  cubic  inches  remained  in  it,  over  a  co- 
lumn of  8  inches  of  mercury;  the  stop-cock  E 
was  tlien  shut.  I  next  took  out  the  stopper  6, 
tlie  stop-cock  F  remaining  shut,  and  poured  into 
the  retort  a  cubic  inch  of  strong  nitric  acid. 
100  grains  of  calcareous  spar,  in  three  or  fimr 
pieces  were  then  dropped  into  the  retort,  and 
the  stopper  being  at  the  same  instant  put  into 
its  place,  the  stop-^ock  F  was  opened.  The 
whole  calcareous  spar  was  speedily  dissolved, 
and  the  carbonic  add  gas  made  its  way  into  the 
cylinder  D.  When  the  experiment  was  over,  I 
noted  the  volume  of  gas  in  the  cylinder,  the 
height  of  the  column  of  mercury  below  it  (ge- 
nerally about  1  inch),  and  the  height  of  the  ba- 
rometer and  thermometer  at  tlie  tune*  Knowing 
exactly  the  volume  of  air  in  the  apparatus  before 
the  experiment  began,  it  was  easy,  by  subtract- 
ing it  irom  the  total  quantity  ot  air  in  the  appa* 
ratus  after  the  experiment,  to  deduce  the  volume 
oi  carbonic  acid  gas  evolved.  AW  the  necessary 
reductions  being  made,  tlie  volume  of  carbonic 
acid  gas  evolved  fiom  100  grains  of  calcareous 
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spuv  supposing  thie  barometer  to  stand  at  SO 
inches,  the  thermometer  at  6Cf ,  and  the  gas  to 
be  periectiy  dry,  amouuts^  from  a  mean  two 
experiments*  both  made  with  very  great  care^  to 

9*426  cubic  inches. 

Now,  we  have  seen  that  the  weight  of  this  vo- 
hme  of  carbonic  acid  gas  is  44  grains*  Conse- 
quently, 100  cubic  inches  of  carbonic  acid  gas 
most  weigh  46*5973  grains;  but  100  cubic 
inches  of  air  weigh  30*5  grains.  We  have, 
Iheretore,  30-5  :  46-5973  :  :  1  :  1-52778  =  speci- 
fc  gravity  of  carbonic  acid  gas. 

Thus  the  specific  gravity  of  carbonic  acid  gas, 
d^ennined  by  ascertaining  the  volume  of  a  given 
weight,  amounts  to  1*5S778*  By  means  of  a 
nonius  and  a  microscopic  sight,  I  was  enabled  to 
oeasure  the  volume  of  gas  with  precision  to  the 
thousandth  part  of  a  cubic  inch.  My  result, 
thereibre,  must  be  very  near  the  truth.  It  is 
oot^  however,  quite  exact  But,  by  means  of  a 
bw,  which  I  shall  explain  more  at  length  in  the 
following  chapter,  we  bave  it  in  oUr  power  to 
toeraiine  the  specific  gravity  of  this  gas  witli 
1  itiiematical  accuracy;  for,  its  atomic  weight, 
auiluplied  by  0*6S56,  (half  the  specific  gravity 
tf  oxygen  gas,)  is  equal  to  its  specific  gravity. 
Now,  we  have  seen  that  the  atomic  weight  of 
this  add  is  ;  and  ^^S  x  0-5555  1*5S77> 
^Inch  is  the  true  specific  gravity  of  this  gas.  My 
c^tiouOe,  deduced  in  the  way  just  explained. 
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does  not  exceed  tins  quantity  by  so  much  as 
Toohoftth  part. 

compon.     The  specific  fcravity  of  carbonic  add  i^as  being 
banicadd.  thus  ascertained  with  rigid  accuracy^  we  have 
only  to  subtract  from  it  the  specific  gravity  of 

oxygen  gas,  to  know  the  weight  of  carbou  united 
in  it,  with  a  volume  of  oxygen  gas. 

» 

Sp.  gr«  of  ourbooic  add  gai  1*51277 
atygengas  l*Illi 

0*4166-  cavlNm 

Thus  we  learn,  that  this  acid  is  composed  of 

Oxygen       .       I'll  11    or  2 
Carboa        .      0*4l6d   or  0-75 

■ 

AtoTn?c    ^  denotes  ^  atoms  of  oxygen  i  and  0*75  roust 
carbon,     be  the  atomic  weight  of  carbon.    Thus  it  ap- 
pears, .that  carbonic  acid  is  a  compound  ol'  ^ 
atoms  of  oxygen,  and  1  atom  of  carbon.* 

The  carbon  in  this  gas  is  evidently  in  the  state 
oi  vapour.   If  we  consider  the  gas  as  a  com- 

•  If  Hm  ipedifi  gMviliBi  t£  atjgm^  cnbonie  acid  «w 
MOSS  and  1*5SM^  atiMad  bj  BcndiiM  and  Dolong^  an  atom  nf  cmt- 
bom  troiiU  be  0<764aB^  •  mnibcr  conrfdenbljr  bigbcr  than  tbe  ana  pitdicd 
upon  bjr  Bcfadina;  Ibr,  1^5040-*  MOW  «  04814  »-ilio^oan%<if 
cBiboninn  voluma  of  cariionic  add;  ao  tbat  Cffboniff  Mid.voidd  lia  a 
compound  of 

Oxygen       .        M026      or  S 
CbriMm  e4S14     cr  0*98488 

It  ift  obvioua  fim  tbby  that  tbew  ipedllc  gnvitiai  cam 
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pound  oF  1  volttme  oxygen  gas  and  1  volume 

carbon  vapour^  condensed  into  one  volume,  it  is 
Arioas  that  the  specific  grayily  of  carbon  va- 
pour is  0*4l  66,  As  is  the  case  with  hydrogen, 
az(^y  and  chlorine  gases,  a  volume  of  it  is  equi- 
valeat  to  an  atom* 
II.  Carbon  enters  into  another  <j^aseous  com-  Comporf- 

tion  i)f  car- 

oBttion  with  oxygen,  namely,  the  gas  duitin- iconic  ox  uic 
ginhed  by  the  name  of  carbonic  oxide,  ^he^^"^*^^ 
atomic  weight  of  this  gas  is  not  of  so  much  im- 
portance as  that  of  carbonic  acid,  because  we 
do  n«t  know  any  compounds  of  which  it  consti- 
tutes a  part  \  but  it  will  be  worth  while  to  de« 
iamne  it,  because  the  knowledge  of  it  will  serve 
^  farther  to  elucidate  and  coatinu  tiie  preced- 
h%  amdusioDS  respecting  the  atomic  weigiit  of 
carbon. 

Carbonic  oxide  was  discovered  by  Dr.  Priestley, 
but  its  nature  was  first  ascertained  by  Mr*  Cruik- 
sbanks.  il.  M.  Clement  and  Desormes  made  a 
set  of  experiments  on  it  nearly  at  the  same  time, 
or  very  soon  after  Cruikshanks,  and  came  to  the 
mie  conclusion  with  him:  namely,  that  it  is 
<€Mnpound  of  oxygen  and  carbon  without  any 

I  have  never  succeeded  in  obtaiumg  it  abso- 
ktelyfree  from  all  admixture  of  carburetted  hy- 
drogen gas.  Its  specific  gravity  according  to  my 
thaU  is  0*9700.  But,  owing  to  the  carburetted 
lijdrogeD  which  it  contained,  this  result  is  too 

V«i.I.  K 
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low.    Berzelius  and  Dulong  state  its  specific 

gravity  to  be  0'97^«    This  is  rather  too  high  | 
but  it  is  a  good  deal  nearer  the  truth  than  minew 
.   When  100  volumes  of  this  gas  are  mixed  with 
60  volumes  of  oxygen  gas»  and  an  electric  spark 
passed  through  the  mixture,  combustion  takes 
place,  both  gases  disappear,  and  a  quantity  oF 
carbonic  acid  gas  is  formed  just  equal  to  the  orU 
ginal  volume  of  the  carbonic  oxide  gas  emplojred. 
This  facty  wiiich  has  been  sufficiently  estabiisiied 
by  experiment^  will  enable  us  to  determine  tho 
true  specific  gravity  of  this  gas,  and  likewise  its 
constituents  and  its  atomic  weight. 

1.  Smce  half  a  volume  of  oxygen  gas  added 
to  one  v  oUunc  of  carbonic  oxide  gas  constitutes 
one  volume  of  carbonic  add  gas>  it  is  obvious 
that,  if  from  the  specific  gravity  of  carbonic  acid 
gas,  we  subtract  halt  the  specific  gravity  of  oxy- 
gen gas,  the  remainder  will  be  the  specific  gra* 
vity  of  carbonic  oxide  gas. 

Sp.  gr.  of  caibonic  acid  gas    =  l-.>^77 
^  sp.  gr.  of  oxygen  gas  b  0-5555 

0-978S  as  ip.  gr.  of 
carbonic  made  gas^ 

Thus  we  learn,  that  tlie  specific  gravity  of  this 
gas  is  0*97^  or  raactly  the  same  with  that  of 
azotic  gas.  ilic  specific  gravity  of  it  as  given 
by  Berzelius  and  Dulong,  exceeds  the  tmtfa  by 
Uttie  more  than  ?tsW  part  .    j  « 
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^.  It  was  observed  in  a  former  part  of  this 
chapter,  that  carbonic  acid  gas  cantaana  just  iti 
OTO  volume  of  oxygen  gas.  But  to  convert  a 
vdume  of  carbonic  oxide  gas  into  a  volume 
of  carbonic  acid  gas>  we  must  add  half  a  volume 

of  oxygen  gas.  It  is  evident  iioiii  tliis,  that  a 
volume  of  carbonic  oxide  gas  contains  Just  the 
vobime  of  caibon  that  oarbonic  acid  gas  does» 
but  only  half  the  volume  of  oxygen  gas.  It 
ouist  therefore  consist  of  one  volume  carbon  v»» 
poor,  and  half  a  volume  oxygen  gas  condensed 
iotu  one  volume* 

1  voloflM  cirboD  vapour  treighs  0*4165 
i««l«lM(H7««.gM.      .      .  »M55 

0*9722  =  specific 
gravity  of  carbonic  oxide  gas, 

3.  A  volume  oi"  carbon  vapour  being  equi\  a- 
lent  to  an  atom,  and  hall  a  volume  of  oxygen 
gas  to  an  atom,  it  is  obvious  that  carbonic  oxide 
^  a  compound  of  one  atom  carbon,  and  one 
jUom  oxygen.   Hence  its  atomic  weight  is  175. 

Thus  we  have  two  compounds  of  carbon  and 
o^>gen. 

Cnbome  cottde  wnpoBpd  of      1  atom  +   X  atom 
Curbonicacid    ...      1  +  S 

Ike  last  of  these  only  possesses  add  propertiesb 

The  first  has  no  tendency  whatever  to  unite 
with  slkaline  bases. 
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IIL  There  are  several  gaseous  combioations 
of  carbon  and  hydrogen,  which  were  long  con- 
foundal  under  the  general  appdiatiou  oi  heavy 
ioflammaihle  airs.  Their  oature  and  constitution 
deserve  to  be  pointed  out,  because  they  consti- 
tute the  gaseous  substances  employed  for  giving 
light  during  the  night;  and  they  diier  materially 
from  each  other  in  their  liluminating  powers. 
They  may  be  divided  into  two  specie^  whicii 
have  been  distinguished  by  the  names  oi  olcfuuii 
gaSf  and  carbwreited  hfdrogm  gas* 
Aariy^or  1.  Olefiant  gas  was  first  examined  by  the 
gm.  Dutch  chemists;  but  we  are  indebted  to  Mr. 
Dalton  for  an  accurate  knowledge  of  its  com* 
position.  Its  specific  gravity,  as  determined  by 
my  experiments,  is  0*ff709 ;  but  Berzelius  and 
Dulcm^  found  it  as  high  as  0*9804>.  It  will  be 
seen  immediately,  tliat  my  result  is  about  yiBtli 
part  too  low ;  while  that  of  Berzelius  and  Du-> 

long  is  about  rnrth  part  too  Iiigli. 

It  was  shown  long  ago  by  Mr«  Dalton,  and  the 
observation  was  confirmed  by  my  experiments, 
that  one  volume  of  olefiant  gas  reijuires  ibr  com- 
plete combustion,  three  volumes  of  oxygen  gas» 
and  the  gas  remaining  after  the  combustion 
amounts  to  two  volumes  of  carbonic  acid  gas. 
The  knowledge  of  this  fact  "will  enable  ua  to  de* 
termine  the  specific  gravity,  the  composition, 
and  the  atomic  weight  of  this  gas  with  rigid 
accurac)'. 
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(1.)  Three  volumes  of  oxygea  gas  being  ne-* 
cessary  to  consume  one  vdume  of  defiant  gas, 
aud  only  two  volumes  of  caibonic  acid  gas  being 
tbrmed,  it  is  obvious  tbat  only  two  Volumes  of 

the  oxygen  gas  were  employed  in  forrtiing  car- 
bouic  acid}  the  other  volume  of  oxygen  gas. 
must  have  been  employed  in  forming  water,  and 
it  must  have  combined  with  a  quantity  of  hydro- 
gen, which,  bad  it  been  in  the  gaseous  state,  aad 
uncombined,  would  have  amounted  to  just  two 
volumes.  The  two  Aolumes  ot  carbonic  acid 
gas  contain  eacli  a  volume  oi  caiboa  vapour. 

Thus  it  appears,  that  one  volume  of  okfiaAt 
l^as  is  coni})osed  of  two  voliinies  of  cai'bon  va- 
pour, and  two  volumes  of  hydrogen  ga&  cop* 
densed^into  one  volume.  Its  specific: gravity, 
thereiore,  will  be  obtained  by  adeliiig  together 
twice  tlie  specific  gravity  of  carbon  vapour»  and 
twice  the  specific  gravity  of  hydrogen  gas. 

Twice  the  •P'fiET"  carbon  vapour  "  0*83Sa  - 
Twice  the  ^  gr.  of  hydrogen  gw  «s  O'lSSS  * 

0-9722 

tpeo&c  gimvity  of  olefiaiit  gai. 

Thus  it  appears  that  azotic  gas,  carbonic  oxide 

gas,  and  olefiant  gas  have  the  same  specific 
gravity. 

(2.)  In  the  case  of  carbon  vapour  and  hydro* 

gen  gas,  a  volume  is  equivalent  to  an  atom  y — so 
that  olefiant  gas  is  a  compound  of  two  atoms 


I 

I 


exist  com- 
posed of 
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carbon  and  two  atoms  hydrogen.    This  is 
same  thing  as  one  atom  carbon  and  one  atom 

hydrogen.  Consequently,  this  gaseous  compound 
ought  to  be  distinguished  by  the  name  of  car- 
huretted  hydrogen^  had  not  that  name,  unfortu- 
atelyi  been  previously  appropriated  to  a  different 

But  this  combination  of  carbon  and  hydrogen, 
eauiu  atoms        ^  ^Um^  lu  the  gBscous  State,  deserves  to 
wd^^  *x  <>W'  particular  attention.    I  believe  tliat  no 
gwt.       fewer  than  five  different  gases  or  vapours  exist, 
composed  of  these  two  substances  in  that  pro« 
1)01  tion,  but  coupled  together  in  different  ways. 

First  spe.        Xho  firSt  COUSistS  of 

C16ti 

1  volume  carbon  vapour  i 

1  volume  hydrogen  gas.  1  Tolmne. 

Its  specific  gravity  is  0-4861.  One  volume  of 
it  requires  for  complete  combustioUi  ly  volume 
of  oxygen  gas.  After  the  combustion  there  re- 
mains one  volume  oi  carbonic  acid  gas. 

This  peculiar  gas  has  not  yet  been  met  with 
by  chemists ;  but  I  see  no  reason  to  doubt  its 
existence*  It  probably  exists  occasionally  as  a 
constituent  of  coal  gas. 

The  second  is  olefiant  gas,  composed  of 
2  volumes  carbon  vapoarl 
8  Tolumet  hydfogcn  gas  /^"^^'^  ^ 

Its  Specific  gravity  is  0*97^«  One  volume  of 
it  requires  for  complete  combustion  three  vo* 
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ktmes  of  oxygen  gas.   After  combustim  ther^ 

remain  two  volumes  of  carbonic  acid  gas. 

This  gas  is  formed  when  alcohol  and  sulphuric 
add,  in  flie  proportion  of  one  part  of  the  former 
to  ibur  oi  the  latter,  are  heated.    It  exists  also 
as  a  coustttuent  of  coal  gas. 
The  third  consists  of  Thw 

3  voluoies  carboTi  vapour  l         ,        ,  .       ^      •  " 

.    ,        '      >  condeDaed  into  1  votame* 

3  volumes  hyurogen  ga«  ) 

Its  Specific  gravity  is  1'4>583.    It  recjuires  4i 
times  its  volume  of  oxygen  gas  for  complete 
combustion;  and  the  residual  gas  consists  of 
three  volumes  of  carbonic  acid  gas. 

ICr.  Dal  ton  discovered  this  gas  as  a  constitu^^ 
wit  in  the  gas  extricated,  when  whale  oil  is  ex- 
posed  to  a  red  heat.  This  gas  is  employed  for 
%bting  houses,  and  even  streets,  umder  the 
name  of  oil  gas. 

The  iburth  consists  of  Fourth  ipt. 


aet. 


.        .    ,  y  condeutiied  into  1  volume. 

4  wvaom  hydtogm  gu  } 

ill  specific  gmvi^  is  It  requires  six 

times  its  volume  of  oxygen  gas  for  complete  com-* 
bu&tLOQ  ^  aud  a  volume  of  it,  thus  burnt,  leaves 
four  volimies  of  carbonic  acid  gas  as  a  residue. 

The  vapour  of  sulphuric  ether  constitutes  a 
gaseous  body  of  this  kind«  But  in  this  vapour 
there  exists,  likewise  a  volume  of  the  v^our. 

K4 
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of -water*.  Henca^  the  speofie^gmarHgr^f 

vapour  i&  ^'50U^  ,  Iql  it  consists  of       :  .1.  -  i* . 

•  r 

Mi  • 

1  volume  of  qoadrcMwrborelted  bjfdff<^g»a  l  'i)444  ^  ,  ,^ 

1  volume  of  ▼apowr  of  water      •  0^50 

9-  -  »ii 


1    f  I 


of  oter  vapour. 


The  fifth  consists  of 


6  voinmes  carbon  vapour  >       -       .  , 

^    ,       ,   ,  t  condemea  into  1  Toluin& 

6  ToiBiiies  ayorogen  gis  J 

Its  specific  gravity  is  £*9166«   It  requires  nine 

times  its  volume  of  oxygen  gas  to  consume  it 
completely :  and  when  1  volume  of  it  is  con- 
sumed in  this  way»  there  remain  behind  6  vaU 
umes  of  carbonic  acid  gas  as  a  residue. 
•  I  findf  that  the  vapour  of  naphtha,  from  coal, 
constitutes  a  gaseous  compound  of  this  kind*  It 
is  not  condensed  by  passing  it  through  water; 
and  is,  I  believe»  what  gives  coal  gas  its  peculiar 
smell. 

These  gaseous  bodies  are  chiLliy  used  for 
lighting  the  streets  and  illuminating  liouses. 
Now,  it  is  obvious,  that  the  quantity  of  light 
which  they  will  emit  while  burning,  will  be  pro- 
portional to  the  number  of  volumes  of  carbon 
condensed  into  1  volume  of  the  gas.  Olefiant 
gas  burns  with  great  brilliancy  ^  but  Uie  vapour 
of  naphtha  will  give  three  times  as  much  lighl^ 
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while  the  same  volume  of  it  is  burning.  Tliis 
Mifour,  then,  ii*  we  could  get  rid  of  die  smell, 
would  be  the  best  substance  for  giving  light;— 
one  obvious  metliod  would  be,  to  take  care  that 
the  whole  of  it  is  consumed,  and  that  none  es* 
(s^es  under  the  form  of  naphtha  vapour; 

ii»  Carbuiatted  hydrogea  gas  can  only  be  ob-  ^ 
tained  pure»  by  stirring  the  mud  at  the  bottom  gen 
of  stagnant  waters,  during  hot  weather.    It  was 
irst  accurately  examined  by  i^K*  DsXUm^ .  i  ^oou 
ifierwards,  I  published  a'  set  of  experimente  on 
it,  in  the  first  volume  of  the  Wernerian  Memoirs, 
i  took  its  specific  gravity  at  two  different  times, 
with  great  care.    Gas,  colleclcJ  at  Ilestalrig, 
Bear  Edinburgh,  had  tlie  specific  gravity  of 
(KS554>.   The  mean  of  the  specific  gravity  of 
tiiree  specimens,  collected  in  the  neighbqurhQod 
of  Glasgow,  was  0*5576.   It  wiU  be  proper  to 
rtate  each  of  these  trials,  as  the  gas  was  collected 
at  three  difierent  times. 

1st  tnal  0-i(j()i! 
2d  trial  0*5558 
3d  trial  0*5570 

■ 

Iti:^  obvious  that  the  gas  was  not  of  equal  purity 
ia  each  of  these  trials *-it  was  purest  in  the  se* 
ooiid  specimen,  the  specific  gravity  of  which 

comes  neaiest  that  of  my  former  experiments, 
TKe  mean  of  the  two  gives  us  0*5556,  which  is 

undoubtedly  very  near  the  truth.  Berzelius  and 
DuloDg  state  tiie  specific  gravity  of  this  gas  to 


154  ACIDIFIABLE  COMBUSTIBLES. 

be  0*5590 : — this  nearly  agrees  with  the  specific 
gravity  of  the  first  speciinea  of  gas  collected  bjr 
me  near  Glasgow. 

It  has  been  established  by  accurate  experi- 
mentB,  that  a  vdume  of  this  gas  Fequires^  for 
complete  combustion,  two  volumes  of  oxygen 
gaSy  that  the  residual  gas  is  one  volume  of 
carbonic  acid.  From  this  fact,  it  is  easy  to  de» 
duce  the  true  specific  gravity,  the  compositioD^ 
and  the  atomic  weight  of  this  gas* 

( 1.)  One  vdume  of  the  oxygen  gas  must  lunre 
gone  to  the  fornialion  of"  carbonic  acid  gas,  and 
must  liave  united  with  1  volume  of  carbon  va- 
pour ;-^he  other  volume  of  oxygen  gas  must 
have  gone  to  the  formation  of  water,  and  must 
have  united  with  two  volumes  o£  hydrogen  gast 
Thus  it  appears,  that  the  constituents  of  car«  * 
buretted  hydrogen  gas,  are  one  volume  carbon 
vapour,  and  ^  volumes  hydrogen  gas,  condensed 
into  1  volume.  Hence,  its  specific  gravity  mtiII 
be  obtained  by  adding  together  the  specific  gra- 
vity of  carbon  vapour,  and  twice  tiie  specific 
gravity  of  hydrogen  gas. 

8p»  gr.  of  carbon  vapour  «  0*41 6& 
8  ^  gv.  ofbydrpgen  gaf  «>0*lSSa 

of  carburetted  hydrogen  ga*. 

Or  its  specific  gravity  is  exactly  half  that  of  oxy- 
gen gas. 

s 
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(^}  In  the  cue  oTcarbon  vapour  and  hydnv 

gsn  gas,  we  may  substitute  atoms  for  volumes. 
&»  obvious,  thereforct  that  this  gas  is  a  Goni# 
pmnd  of  1  atom  carbon,  and  9  atoms  hydrogen. 
Aod  as  an  atom  carbon  weighs  0*7^,  and  an 
4flm  of  hydrogen  OIW,  the  atomic  weight  of 
this  substance  is  unity,  or  the  same  as  oxygen. 
In  q^ecific  grnvi^  i;  only  half  that  of  oxygen 
gss;  tyeeanse,  a  volume  of  oxygen  gas  is  equiva* 
lent  to  two  atoms,  while  a  volume  of  this  gas  is 
eqotvaknt  only  to  one  atom. 

8.  Tlicre  exists  a  tliird  combination  of*  carbon  Naphtii*. 
aadhydrogea^  which  has  come  to  our  knowledge  quicarbu. 
MM  coal  gaa  was  employed  for  lighting  ^eSl^i^^* 
streets*  it  was  first  noticed  by  Mr.  Garden, 
vko  dfiscribed  some  of  its  most  remaricable  pro» 
poties,  in  the  year  1820.*  Soon  after,  I  got 
&BIII  Mr.  Cooper  a  considerable  quantity  of  this 
aintance,  which  I  purified  by  sublimation,  and 
subjected  to  a  chemical  examination.  A  valua- 
Ue  set  of  experiments  on  this  substance  was  made 
by  Dr.  Kid,  and  published  in  the  Philosophical 
Transactions  for  1821  i — he  gave  it  the  name  of 
NofkihaBne*  I  have  only  to  refer  the  reader  to 
this  interesting  ])apcr  for  a  satisfactory  explana- 
ti<m  o(  the  formation  and  properties  of  this  sin- 
fdv  Ahbsltoce.  But,  as  Dr.  Kid  made  no  er- 
penments  to  determine  its  constituents,  it  may 

•  Annalt  of  PhUowphy,  XV.  17. 
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be  woitli  wliile  to  state  here  the  results  which  I 
obtained.  One  grain  and  a  quarter  of  n^htjiar 
Ime,  in  crystalline  plates,  was.  mi^e^  with  a  sut 
ficient  quantity  of  oxide  of  copper,  and  exposed 
to.  heat  in  a  copper  tub&--*to  which  was  attached 
a  glass  tube,  filled  with:  fragments  of  fiwed 
muriate  of  lime.  The  gas  extiicated  was  col- 
lected over  mercnxy ;  it  was  pinre  carbopic  acid^ 
and  measured  under  the  mean  temperature  and 
pressure  8-85  cubic,  inches.  The.  inprca^e 
weight  of  the  muriate  of  lime  .was  yei:y*f^^y 
grain.  Now,  8*85  cubic  inches  of  carbonic 
acid  gas  weigh  very  nearly  4*1^  grainy 
contain  1*1^  of  carbon ;  and  1*125  water  cont^i^ 
WMj  liyclrogen.  Now,  1-125  c;u boa  =  li atom; 
while  0*1225  hydrogen  is  an  atom  of  hydrogen 
Goasequently»  naphthaline  is  composed  of  .  . . 

atom  carbon    1*125  ^ 
1  atom  hydrogen  0*125 

_ 

It  is»  therefore,  a  aesquicarburet  of  hydrogen. 

Dr.  Kid  states,  that  the  specific  gravity  of 
naphthaluie  is  a  little  heavier  than  tliat  of  water. 
I  found  its  specific  gravity  only  0*781^  at  60° . 
But  I  am  disposed  to  ascribe  this  apparent  lig|it- 
2a£ss  to  the  pores  which  it  contains  j — ibr  when 
digested  in  nitric  acid»  its  specific  gravi^  became 
J  '23.  Cut  tliis  digestion  alters  its  properties^  .and 
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conrerts  it  into  a  kind  of  acid,  whicli  has  a  yel> 
bw  cdoun  9trtA  very  difi^nt  properties  fiom 

the  pure  uaphtUaline^ 

SECT.  II. 

■    OF  THE  ATOMIC  WEIGHT  OF  BOllON 

The  expei-iments  of  Daw,  and  of  Gay-Lnsf;ac  Aum  of 
and  llienard,  to  determine  the  composition  of -tin  doilbu 
bot^c  acid  by  the  augmentation  of  weight'"^' 
which  takes  place  when  boron  is  converted  into 
boracic  acid,  differ  so  much  from  each  other, 
ttl^  it  is  itnpossible  to  put  any  confidence  in 
either.    Davy  found  that  30  grains  of  potassium 
were  requisite  to  reduce  a  quantity  of  boracic 
acid  capable  of  furnishing  ^*d75  grains  of  boron. 
Now,  Si)  giaiiis  of  potassium  coiivcrted  in- 

to potash,  (as  they  were  by  tiie  process)  absorb 
6  grains  of  oxygen.  Hence,  we  have  boracic 
acid  composed  oi' 

m 

Boron     2-375  or  1 

Oxygen  G        •  2*52 

^  1^  fbUtfd  'ftrther,  that  1  grain  of  boron,  ^lien 

(Converted  into  boracic  ucid,  absorbs  5*1^  cubic 
inches  of  oxygen  gas,  or  1*7368  grain.  This 
gives  us  foojreicic  acid  composed  of 
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Boron  ] 
Oxygen  1-7368 

The  mean  of  these  two  experiments  gives  us  thQ 
composition  of  boracic  acid  as  follows : 

Boron  1 

Oxygea 

Now,  I  am  persuaded  that  this  comes  nearer  the 
trutii  than  any  otixer  analytical  results  wkicli 
have  been  given  to  the  public. 

The  statement  of  Gay-Lussac  and  Thenard, 
that  boron,  when  converted  into  boracic  acjdy 
only  absorbs  half  its  weight  of  oxygen,  is  most 
certainly  extremely  inaccurate.  Davy's  result, 
I  believe  to  be  about  ith  part  below  the  tnitii  i 
but  tlie  result  of  the  French  cheuubti:  cannot 
much  less  than  fths  below  the  truth. 

In  die  second  volume  of  the  second  series  of 
the  Annals  of  Phiiosopiiy,  I  published  a  set  of 
experiments  on  boracic  acid,-^om  which  I  dei 

duccd  ^^-75  as  tlie  probable  atomic  weight  of 
acid.  But  my  experiments^  which  consisted  hi 
the  analysis  of  borax,  were  not  quite  conduslvei 
owing  to  the  difficulty  of  collecting  and  weighing 
the  whole  of  the  boracic  add*  I  had  not  at  that 
time  examined  fluoboric  acid  ii'as  with  the  I** 
quisite  attention.  I  have  since  ibund*  that  tais 
curious  combination  furnishes  us  with  the  moos 
of  detennming  the  atomic  weight  of  boraciC 
acid  with  rigid  accuracy. 
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1.  It  will  be  pfoved  in  the  Idth  chapter  ofspedfic^ 

tfctt  treatise,  that  the  weight  of  an  atom  of  fl  no*  fluoboric 

lie  acid  is  JbluoixMdc  acid  ga&  may  be.ob<- 

tained  by  mixing  together  anhydrous  boractc 
acid  and  pulverized  iluor  spar,  and  exposing  the 
mixture  to  a  red  heat,  in  an  iron  tube— or  sim- 
ply, by  heating  in  a  retort  (as  was  fu  bt  discovered 
hy  Dr.  John  Davy),  a  mixture  of  1  part  boracic 
tod,  9  parts  floor  spar,  and  IQ  parts  sulphuric 
acid.  I  collected  a  quantity  of  this  gas,  and 
took  its  qiecific  gravity  two  di£krent  times,  and 
obtained  each  time  the  very  same  result  name- 

On  causing  the  gas  under  examination  to  be 
absorbed  by  water,  I  observed  that  there  was  a 
di^  di&poAiB  of  silica,  indicatmg  a  mixture  of 
Juosilicic  gas.  By  weighing  this  silica,  I  deter- 
miaed  the  volume  oi  Huosilicic  gas,  and  on  de- 
ducting it,  the  specific  gravity  of  the  flnoboric 
acid  gas  was  2*38^33,  A  careful  examination 
of  the  water  containing  the  fluoboric  add  gas, 
enabled  me  to  detect  in  it  the  presence  of  a 
small  quantity  of  sulphuric  acid ; — it  was  present 
to  the  amount  of  08  grain  in  the  hundred  cubic 
iaches  of  the  gas.  This  being  also  deducted,  the 
specific  gravi^  of  pure  fluoboric  acid  gas  bc- 


•  Dr.  Davy  found  liie  sj>cciric  lEfivivity  of  this  f^as  2-.S709.  HUs  is 
^  verj  specific  gravity  wbu  h  ]  goi — ami  a  littk'  above  the  truths  oiiriiig« 
**»W<Wi  to  a  little,  fluonlictc  or  suipburic  add,  or  both. 
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Uilj 


ibMrfe     ^  Dr.  Davy  found  dtttflaobmcacU 

ainmonicical  firas,  combine  with  each  other  in  the 
three  ibllowiiig  proportions : 

(1)  1  volume  fluoboric  gas      )  ,  1  . 1  i 

.     -  .     ,         >  loi'miiig  a  eoUd  aalt. 

1  Toiame  ammoniacai  } 

!2  ««1nm««  «nmAn»r»1  ««  f  forming  A  liquid. 

s  voiutncs  ttnmoouicai  gas  j 


(5)  1  voiome  flodbonc  gis  1 

'       ,  .    ,        >  torming  a  liquid. 

*8  volttmes  mnmoniacal  gis  )  -91 

It  will  be  shown  in  the  7th  chapter  of  this  treatise, 
that,  in  the  greater  number  of  gases,  a  volume  of 
the  gas  represents  an  atom.  But  in  ammoniacai 
gas  this  is  not  the  case;  two  volumes  of  this  gas 
are  requisite  to  constitute  an  atom.  It  is  reason- 
able to  conclude  from  this,  that  the  second  <^  the 
preceding  compounds  is  the  one  consisting  of  an 
atom  of  each  constituent.  We  have  it,  there- 
fore, in  otir  ])ower  to  determine  tlie  atomic 
weight  of  tiuoboric  acid  from  it 

f 

1  yoiume  fiuoboricgat  weighs  2*s6i2   or  4^519 

2  volumes  ammmiiacal  gas   -  1*18055  -  2*125 

^2*125  is  the  weight  of  an  atom  of  ammonia ;  con* 

sequently,  4-i2.511)  is  tlie  weiglit  of  an  atom  ui  ihio- 
boric  acid.  The  law  of  Dr.  Prout,  which  will 
be  found  to  hold  in  the  atomic  weights  of  all  ho* 
dies,  shows  us  that  tins  number  is  a  very  little 
too  high.  The  true  atomic  weight  is  undoubt- 
ed))'4*2o;  consequently,  the  true  specific  gravity 
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oi  flaobonc  acid  gas  is  ^-361  i,  which  differs  less 
^  nAmth  liaft'irMi  die  specific  gravity  which 
I  actually  obtained.  '      *  '  - 

3.  4*25,  then,  is  tlie  atomic  weight  of  fluoboric  ^'^"p*^ 
uHf  Bifd  1*95  is  the  atomic  weight  of  fluoric 
icid  I  consequently  Huoboric  acid  is  a  compound 
rf 

Fluoric  acid  1*25 
Boradc  add  9*00 

^  then,  is  the  weight  oi*  an  atom  of  boracic  acid  ^ 
ibr  Davy's  experiments  on  the  composition  of 
iwracic  acid — Bcizelius'  analysis  of  borate  of 
ammonia — and  mine  of  borax— preclude  the  pos- 
tibilhy  of  either  more  or  less  lluui  an  atom  of 
honac  acid  being  united  in  Huobohc  acid,  with 
n  atom  of  fluoric  acid. 

From  Davy's  analytical  experiments,   it  ^^^^^ 
dear,  that  the  atom  of  boron  is  1  ^  and  that  bo-  or  i 
acid  is  a  compoimd  of 

1  atom  boron  1 

2  atoms  ui^geii  2 


i.  It  occurred  to  me,  that,  by  heating  together  uatio  be- 

wihydrous  boracic  acid  and  dry  carbonate   of  weights 
potash,  some  light  might  be  thrown  on  the  carbonic 
tonic  wei^t  of  boracic  add,  by-  the  quantity 
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q£  cai  booic  acid  driven  oii.  A  quantity  of  car^ 
bonate  of  potash  was  fitsed  in  a  platinum  cruci- 
ble, which  varied  in  different  experiments,  from 
80  to  100  gnuns ;  and  9  grains  of  anhydrous  bo- 
racic  acid  being  added,  the  fusion  was  usually 
continued  from  one  hour  to  an  hour  and  a  haifi 
or  in  one  case,  two  hours.  The  loss  of  weight 
in  the  diiierent  experiments  was  not  uniform. 
The  smallest  loss  amounted  to  6-8  grains,  and 
the  greatest  to  8  grains.  In  these  experiments 
it  is  obvious,  that  the  greatest  loss  of  weight 
must  be  nearest  the  truth.  Even  8  grains,  the 
maximum  loss  of  weight,  is  a  little  below  the  real 
quantity  of  carbonic  add  which  ought  to  have 
been  displaced.  The  reason  ol  the  variation  in 
these  results,  and  the  difficulty  of  driving  off  the 
full  quantity  of  carbonic  acid,  I  take  to  be,  that 
the  boracic  acid  has  a  tendency  to  £aiL  to  the 
bottom  of  the  fiised  mass,  and  to  remain  at  the 
bottom.  It  is,  tlierefore,  diiiicult  to  bring  the 
add  and  the  ^carbonate  into  contact^  and  to  kieep 
them  in  contact  till  the  whole  acid  enters  into 
combination  with  the  potash  and  displaces  the 
carbonic  acid.  I  found  that  I  succeeded  best 
when  I  placed  the  acid  on  the  surface  of  the  al- 
kali. 

But  let  us  see  what  the  atomic  weight  of  bo- 
radc  add  will  be,  if  we  suppose  9  grains  of  it  to 
saturate  as  much  potash  as  8  grains  of  carbonic 
acid,    b  ;  9  : :  ^'7^  •  6vi)iS76  =  atomic  weight 
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of  boracie  acid.  This  number  comes  near  S, 
which  we  have  seen  to  be  the  true  atomic  weight 
of  boracie  acid;  and  serves  still  farther  to 
show  that  the  experiments  from  which  I  de- 
duced 2'7o  to  be  its  atomic  weight,  were  iu- 
locuiate. 

5*  Boracie  acid,  as  it  is  usually  obtained  from  Biiijrdnit 

of  bonMis 

brax  by  precipitation^  is  in  white  opaque  scales^add. 
eootainiog  a  considerable  quantity  of  water. 
&  II.  Davy,  Berzelius,  and  myself,  endeavoured 
to  determine  the  quantity  of  water  present  in 
these  seales*  The  experiment  is  attended  with 
a  good  deal  of  difficulty.  I  varied  my  method 
ifier  I  became  aware  that  my  first  experiments 
vere  wrong,  and  endeavoured  to  prevent  any 
volatilization  of  boracie  add^  by  mixing  the 
hydrous  acid  with  a  considerable  quantity  of 
protoxide  of  lead.  But  I  still  found  the  loss  of 
weight  to  amount  to  44  per  cent.  The  follow- 
ing are  the  results  of  Davy,  BerzeUus,  and  niy- 
«I£  The  hydrate  is  composed  of 

Boladd   67   .      .    56   .  .56 

Water       43    .       .    44    .  .44 

I  am  satisfied  that  Davy  came  nearest  the  ti  utht 
dKNigh  1  have  not  been  able  to  discover  the 
cause  of  my  own  failure.  If  the  hydrous  acid 
OQotsin  two  atoms  of  water  united  to  one  atom 
tf  add,  its  constilutjiils  should  be 

L2 
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1  atom  boracic  acid  3  or  57*143 
S  atoms  water  9-25  48*857 


100 

■ 

which  almost  coincides  with  Davy's  experiment 

ConnKw-  6.  Very  few  of  the  borates  have  iuthe^to  been 
ntoofHft.  analyzed, .  and  very  few  of  them  accurately. 
However,  from  Ik  rzelius'  analysis  of  borate  of 
ammonia^  I.  think  we  are  entitled  to  conclude 
that  the  salt  is  composed  of 

1  atom  boracic  add  S 

1  atom  annnonia         .  2-125 

2  atoms  water  •  •  • 


7'S7& 


Berzelius  obtained 


Boracic  acid  2'(i59 
ADimonia  2*125 
Water  2*£5 


7*034 


A^^y^  of  7«  It  was  not  till  I  had  satisfied  myself  of  the 
true  atomic  weight  of  boiacic  acid  from  the 
specific  gravity  and  combinations  of  fluoboric 
acid,  that  I  became  acquainted  with  M.  Arfwed- 
son's  method  of  analyzing  the  borates  by  means 
of  fluor  spaF.  He  mixes  the  borate  to  be 
analyzed  with  a  determinate  quantity  of  fluor 
spar  reduced  to  the  state  of  a  very  fine  powder, 
and  exposes  the  mixture  with   the  requisite 
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quantity  of  sulphuric  acid  to  heat  in  a  platiiiutn 
crucible*  The  boiacic  .add  is  disengaged  in 
the  state  of  fluoboric  acid,  and  the  base  of  the 
borate  reoiains  combined  with. sulphuric  acid. 
In  the  alkaline  borates  the  base,  when  converted 
into  a  sulphate,  is  soluble  in  water,  and  may 
therefore  be  obtained  in  a  separate  state  and  its 
weight  determined.  I  liad  recourse  to  this 
method,  in  order  to  determine  the  weight  of 
soda  in  borax,  my  previous  analysis  of  this  salt 
having  been  obviously  incorrect.  (1.)  19  grains 
of  borax  bemg  slowly  raised  to  a  red  heat  in  a 
platiiuini  crucible  till  they  ceased  to  lose  water, 
were  ibuiid  to  have  sustained  a  loss  amounting 
almost  exactly  to  9  grains.  (^.)  19  grains  of 
borax,  and  9*^  grains  of  very  finely  pouadcd 
fluor  spaif  intimately  mixed  together,  were 
made  up  into  a  paste  with  sulphuric  acid  in  a 
platinum  crucible,  and  after  digesting  for  ^4 
hours  were  exposed  to  a  strong  red  heat.  The 
matter  remaining  in  the  crucible  was  white,  and 
weighed  about  S6  grains.  This  matter  ,  was 
digested  in  water,  which  dissolved  the  sulphate 
of  soda,  together  with  a  little  of  the  sulpiiate 
lime.  This  water  was  mixed  with  oxalate 
of  ammonia  to  throw  down  the  lime.  It  was 
then  filtered,  evaporated  to  dryness,  and  the 
residual  salt  exposed  to  a  red  heat.  It  weighed 
within  T('  til  part  of  9  grains^  indicating  4 
grains    soda.   Thus  it  appears,  that  19  grains 
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of  crystallized  borax  contain  4  grains  of  sodi^, 
and  9  grains  of  water.  The  6  grains  wanting 
to  complete  the  whole  weight,  must  represent 
the  boracic  add  in  the  salt  The  reader  will 
observe  that  the  original  weight  of  the  ingre- 
dients put  into  the  crucible  (abstracting  the 
water)  was  19*5,  consisting  of 

10    grains  anbydroua  borax 
9*5  grains  ittor  spar 

19'5 

The  boracic  acid  of  the  borax,  and  the  fluoric 
acid  ot  tlie  fluor  spar,  had  been  driven  ofl*  ta^ 
gether,  and  these  acids  had  been  replaced  by 
sulphuric  acid.  Now,  9*5  fluor  spar  are  com-* 
posed  of 

7'0  lime 

2*6  flttoiieactd 

9-5 

7  of  lime  require  10  of  sulphuric  acid  for  satu- 
ration. So  that  the  sulpliate  of  lime  in  the 
residue  amounts  to  17  grains*  The  remaining 
9  grains  are  sulphate  of  soda,  composed  of 

4  soda 

5  aulfdiuric  add 
9 

But  the  original  weight  of  anhydrous  borax  was 
10,  and  it  obviously  contained  6  grains  of  bora* 
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cic  aciiL  Thus,  all  the  parts  of  this  experiment 
confirm  eac  hother^  and  show  that  born  19  a 

compound  of 

2  atoms  boracic  acid  6 
1  atom  soda  •  4 
8  atoms  water   •  9 

19 

8.  Arfwedson  has  analyzed  boracite  by  aorbandii. 

similar  process,  and  it  follows  iVoiu  his  analysis, 
that  the  mineral  is  a  biborate  of  magnesia, 

and  consequently  a  compound  of 

•  2  atoms  boracic  acid  6 

1  atom  magnesia  2*5 

This  salt  is  perfectly  anhydrous. 


SECT.  III. 

OP  THE  ATOMIC  WEIGHT  OF  SILICON. 

Though  the  experiments  of  Sir  H.  Davy  have 
satisfied  chemists  that  silica  is  a  compound  of 
oxygen,  and  a  dark  coloured  combustible  sub- 
stance, like  carbon  or  boron,  to  which  the  name 
of  A/lreon  or  siBchm  has  been  given ;  and  though 
Berzelius  has  obtained  silicon  in  a  separate 
state  'f  yet  as  silica  is  the  only  known  compound 

L4 
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into  which  it  enters,  the  principal  object  of 
inquiry  in  this  section  will  be  into  the  .atomic 
weight  of  silica.  This  inquiry  is  of  great  im« 
^jo^^i^portance  ^  because  upon  it  tlie  exact  knowledge 
atica  of  the  constitution  of  most  stony  bodies  depends. 
^  I  am  of  opinion  that  the  atomic  weight  of  silicon 
is  precisely  ^  and  I  shall  proceed  to  state  the 
evidence  upon  which  that  opinion  is  founded* 
^y^of  L  in  the  year  1810,  Berzelius  publislied  a 
BmwSiM  set  of  experiments,  containing  an  analysis  of 
silica  which  he  made  in  the  following  manner:* 
He  mixed  together  determinate  proportions  of* 
iron  filings,  silica,  and  charcoal  in  a  crucible, 
and  exposed  the  mixture,  properly  covered,  to 
the  greatest  heat  of  a  blast  furnace.  The  united 
action  of  the  iron  and  charcoal  decomposed  the 
silica,  and  the  silicon  as  it  was  evolved,  entered 
into  combination  with  the  iron.  The  silicious 
iron  thus  formed  was  whiter,  and  had  a  smaller 
specific  gravity  than  common  iron*  When  dis* 
solved  in  muriatic  acid,  it  gave  out  a  greater 
proportion  of  hydrogen  gas  than  common  iron» 
and  this  hydrogen  gas  contained  a  certain  pro* 
portion  oi  carbon.  It  left  undissolved  a  quan- 
tity of  silica.  He  dissolved  a  given  weight  of 
this  non  in  muriatic  acid,  collected  the  hydro- 
gen gas  evolved,  and  by  burning  it  over  lime 
water  determined  the  quantity  of  carbonic  acid 
ibrmed,  irom  which  he  deduced  the  carbon 

•  Aflmdlii^*  riL  117. 
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which  the  iron  contained.  The  iron  was  then 
peroxydized,  precipitated  by  ammonia,  heated  to 
redness,  and  weighed.  The  iron  and  carbon 
deducted  from  the  original  weight  of  the  iron, 
gave  the  weight  of  the  silicon  wluch  had  been 
onited  with  it  This  silicon  weighed  127  parts, 
J)ut  tiie  siika  obtained  when  the  specimen  was 
treated  with  muriatic  acid»  amounted  to  836 
parts.  Now,  335  —  1^  =  208  =  the  oxygen 
combined  with  1^  parts  of  silicon.  But  other 
experiments  gave  him  silica  composed  of 

Silicon  51-5  and  52*25 
Oxygen  48*5  and  47*75 

These  experiments  were  repeated  by  Stromeyer/ 
who  obtained  for  a  result 

Silicon  46*0069 
Oxygen  53  9931 

Now,  the  mean  of  these  two  sets  of  experiments 
gives  us  the  composition  of  silica  as  follows : 

SiHcon  49-9189  or  0-9gi66 
Oxygen    50-0811  —  lUOOO 

100  0000       l'Q96^  =  atomic  weight  of  Gives 

1*9006  Ibr 

alia,  which  approaches.exoeediagiy  near  2.  ^  ^ 

Berzdius,  in  his  essay  on  Chemical  Propor- 
tions, and  in  the  second  edition  of  his  Larbok  i 

•  Gilbeit'i  Aoufdeu.  XXXVIII.  331. 
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KemieHf  states  the  composition  of  silica  as 
follows : 

Silicon      49-7  or  0*988 

Oxygen     50-3  1* 


lOO'O      1  '^88  =  atomic  weight  oCsiliooiu 

I  do  not  know  whether  this  new  determinatioti, 
which  approaches  the  ratio  of  equality  much 
more  nearly  than  the  number  given  by  Bersetiui 
in  his  original  paper,  be  the  result  of  a  new  set 
of  expmment^  or  deduced  firom  conrectioiis 
made  upon  the  old  ones.  But  the  atomic 
weigiit  of  silica  deduced  from  it,  is  only  listli 
part  less  than  And  I  do  not  believe  it  to  be 
possible  to  operate  in  the  way  practised  by  Ber- 
zelius  and  Stromeyer,  without  Uie  risk  of  a  stiU 
greater  error  than  -dkth  part  I  con«der,  there- 
forCt  this  determination  of  Berzelius  as  a  very 
strong  evidence  in  favour  of  ^  being  the  true 
atomic  weight  of  silica. 
^^"^  11.  Among  tlie  minerals  which  are  found  in 
natani«]t-r^ular  crystals,  and  which  have  been  subjected 
to  chemical  analysis,  there  are  a  good  niatiy  con- 
taining silica  united  chemically,  and  conse- 
quently in  definite  proportions  with  diflerent 
bases.  If  these  minerals  were  perfectly  purci 
an  accurate  analysis  of  them  would  give  us  suffi- 
cient data  for  determining  the  atomic  weight  of 
silica.  It  will  be  worth  our  while  to  examine  a 
few  of  these  compounds,  that  we  may  see  how 
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nearly  they  agree  lu  giving  tiie  same  atomic 
weight  to  this  substance. 


This  mineral,  which  is  a  bisilicate  qf  lime^  or  Tabic  spar 
a  compound  of  two  Atoms  silica  and  one  atom  of 
liiiie,  occurs  in  the  Eannat.  It  luis  been  ob- 
served liiiewise  in  Ceylon,  constituting  a  part  of 
the  cinnamon  stone  rock.  It  has  a  greyish  white 
colour,  and  a  foliated  fracture  iu  one  direc- 
tion only,  from  which  it  has  got  its  name.  We 
have  four  analyses  of  this  mineral ;  one  by  Kla- 
proth,  a  second  by  Stromeyer,  a  third  by  Rose» 
and  a  fimrth  by  Bonsdorff. 

The  specimens  analyzed  hy  Kla]>roth  and  Stro- 
meyer  were  irom  the  fiannat;  those  by  Rose 
said  BonsdorfF  were  found  in  Finland. 

According  to  Klaproth,  the  constituents  oi 
table  spar  are 


Tlie  constituents  according  to  Stromeyer,  are 

•Khpntfa  reckons  oxiVf^i  but  lie «b«diiMl  8S  of  ovbooate  of  linwb 

whifh  contains  4>5'9  \\vdo» 
t  ficilngr,  III.  28a 


1 .   TABLE  SPAR. 


SiUca 

Lime 
Water 


50 

45-9*  ' 
5 


100-9t 
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Silica  51*445 

Lime  47*412 

Protoxide  of  iron  0-401 

of  maziganese  0*257 

Water  0-076 


99-591  • 

Rose  anal}  zed,  in  Berzelius'  laboratoiy>  a  spe- 
cimen ol  table  spar  from  the  village  of  Perhe- 
niemi  in  Finland^  the  constituents  of  which  were 

Silica  51-6 

Lime  46*41 
Oxide  of  iroD,  trace 

Actindite  1*11 

The  spechnen  analysed  by  Bonsdorff  was  from 

Pargas  in  Finland ;  it  had  been  mistaken  for 
tremolite.   Its  constituents  were 


Silica  52-58 

Lime  44*45 

Magnesia  0*68 

Probudde  of  iron  1  -IS 

Volatile  matter  0*99 


99-83  t 

Before  drawing  any  conclusion  from  these  ex- 
periments, it  may  be  proper  to  observe  that  in 
the  Bannat,  the  table  spar  occurs  in  a  rock  cou- 
msting  of  garnets^  blue  Umestone,  and  table  qpar. 

•  UataniicliiiiigcB»I.S56.  f  Notd«itk2old*t  Bedn^^  lupurt^  ^^ 
I  Anadf  of  Pbilotophy^  (second  Mrii»)  XI.  SOa 
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It  is  reasonable  from  this  circumstance  to  expect, 
tliat  the  table  spar  analyzed  by  Klaproth  and 
Stromeyer  should  contain  a  little  too  much  lime^ 
iu  consequence  of  the  mixture  of  a  small  quan- 
tity of  tiie  blue  limestone,  with  the  portion  of 
the  mineral  subjected  to  analysis.  The  iron  and 
maoganese,  small  quantities  of  which  were  de- 
tected by  Stromeyer,  no  doubt  originated  from 
tlit  garnets.  TIk'  loss  of  live  per  cent,  in  Klap* 
roth's  analysis,  which  he  asciibed  to  water, 
might  possibly  be  owing  to  the  presence  of  some 
blue  limestone  in  the  specnnen. 

The  table  spar  from  Ferheniemi  occurs  in  a 
Hmestone  rock.  This  might  lead  to  an  excess 
of  lime  in  the  specimen  analyzed  by  Rose.  That 
fiom  Pargas  was  mixed  with  pargasite  and  other 
varieties  olhorneblende,  which  might  occasion 
a  slight  excess  of  silica  iu  the  specimen  analyzed 
by  Bonsdorff. 

The  iron,  manganese,  magnesia,  &c.  which 
occur  in  minute  quantity  in  the  mineral,  may 
be  neglected  altogether  as  foreign  matter.  We 
shall  attend  only  to  the  siUca  and  the  lime. 

Let  us  suppose  an  atom  of  silica  to  weigh  % 
and  an  atom  of  Ume  3*5 ;  and  let  us  suppose 
table  spar  to  be  a  bisilicate  of  lime :  its  constitu- 
ents would  be 

Silica   4f  or 
Ume   S'5  4^ 

Now,  Kiaproth*s  analysis  gives  us 

6 
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Silica 

48*96 

OLlUilicYCl  o  i^iVCb  Lia 

40*153 

Hose's  gives  us 

Lime 

47 -909 

Boasdorfi'^s  gives  us 

Lime 

45086 

In  the  three  first  analyses  there  is  an  exoesi 

of  lime ;  because  the  mineral  analyzed  was  found 
in  a  limestone  rock  \  in  the  last  analysis  by  iioas- 
dor£^  there  is  an  excess  of  silica,  because  the 
table  spar  was  from  a  liorneblende  rock.  If  we 
take  a  mean  of  ail  these  analyses  as  likely  to  fur- 
nish a  near  approximation  to  the  true  composif 
tion  of  table  spar,  we  obtain 

S&ios      53*388   or  3*905 
Lime      47*79S  3*5 

It  is  obvious  that  this  mean  cannot  be  correct^ 

because  three  of  the  specimens  examined  came 
from  a  limestone  rock,  and  therefore  were  likdy 
to  contain  an  excess  of  lime^  and  only  one  from 
a  horneblende  rock,  and  likely  to  contain  an  ex- 
cess of  silica*  However,  we  see  that  even  fiom 
this  mean,  we  get  3*908  for  the  weight  of  two 
atoms  of  silica,  or  1*9^^  tor  the  weight  of  one 
atom. 

le 

I 
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If  we  take  the  mean  of  the  first  three  analyses 

wlucii  coutaia  an  excess  of  lime,  we  get  tS-Gy^Jb 
for  the  quantity  of  lime  united  with  6Si  silica. 

Aad  taking  the  mean  of  this  quantity,  and  oi* 
the  lime  united  to  the  siiicay  according 
to  Bonsdorff's  analysis,  we  get  46*89  for  the 
lime.   Tills  gives  us  table  spar  composed  oi' 

Silica       53-333    or  3*936 
lime      46*S90    -  S'5 

Bjr  this  constitution  (which  is  as  near  the  trutli 
It  the  accuracy  of  the  analysis  will  admit)  two 

atoms  of  silica  weigh  3'936,  and  consequently, 
the  waght  of  one  atom  is  1*968. 

2.  SILICATE  OF  ALUMINA,  OR  BUCHOLZIT£. 

Some  years  agc^  a  mineral  was  found  in  the  BudMiiiie 

Tyrol,  to  which  Weiss  gave  the  name  Jibroiis 
pariZf  but  Brandos,  who  analyzed  it,  distin- 
guished it  by  the  appellation  of  buckolzite.  It 
has  a  white  colour,  interspersed  with  black  spots ; 
its  texture  is  fibrous,  and  it  has  never  been  met 
*ith  m  crystals.  Its  constituents,  according  to 
the  analysis  of  Brandos^  are  as  ibllows : 

Silica  46 

Alumina  50 

Oxide  of  iron  2*5 
Potash  1*5 

100  0  • 
•  Bdkw^^%  Jovr.  XXV.  ISS. 
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Let  U8  calculate  the  eompositioQ  of  this  min- 
eral, on  the  supposition  that  the  silica  is  com- 
bined with  three  bases,  atom  to  atom  ;  and  that 
an  atom  of  silica  weighs  %  an  atom  of  alumina 
2*25,  an  atom  oi  protoxide  of  iron  4*5,  and  an 
atom  of  potash  6. 

1.  2*25  (an  atom  of  alumina):  2  (an  atom  of  aiUca) : : 

50  (alumina  in  the  mineral)  :  44*44 

=  silica  united  to  the  alumiiuu 

2.  4-5  (atom  of  protoxide  of  iron) ;  2  ; :  2*5  (oxide  in 

the  mineral):  I'll 
s  lilica  united  to  the  uon  * 
S.  6  (atom  of  potash)  :  2  : :  1-5  (potaah  in  the  nwi* 

eral)  :  0*50 
ss  silica  united  to  tlie  potash 

Total  silica  in  the  mineral     =    46  0^ 

This  exceeds  the  quantity  found  by  Brandes 
by  only  0*05  grain — a  quantity  so  small»  that  it 
might  very  easily  be  oveiiookcd  in  an  analysis. 
Let  us,  however,  suppose,  that  the  analysis  is 
perfectly  accurate,  and  let  us  deduce  from  it 
the  atomic  weight  of  the  silica.  About  ikth  of 
the  silica  is  united  to  the  oxide  of  iron  and  the 
potash.  Now,  the  ^8th  part  of  0*05,  the  excess 
of  silica,  is  nearly  OOOS,  which  being  deducted, 
leaves  about  0*058.  If  we  subtract  this  excess 
from  the  44*444  of  silica,  supposed  above  to  be 
united  to  the  alumina,  there  will  remain  44*391 
grains.  Hence,  by  Brandes'  analysis  of  this 
mineral,  silicate  of  alumina  is  composed  of 
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SEUcft      44*591   or  1-997595 
Alnmiiui  50        •  M5 

Thus  the  atomic  weight  of  silica,  from  the  ana- 
lysis of  bncholzite,  comes  out  below  S ;  but  the 
deficiency  does  not  aiuouut  to  mcth  part — a  dif- 
ference greatly  within  the  limits  of  unavoidable 
error  in  such  malyses. 

3.  KEPHELINE. 

This  mineral*  wiiich  is  tbund  on  Monte  Som'  NepheiiM 
ma,  near'  Naples,  has  been  long  known  to  min- 
eralogists. It  crystallizes  in  six  sided  prisms, 
ofleo  bevelled  at  their  extremities^  it  is  hard 
eoongh  to  scratch  glass,  and  has  a  specific  gra- 
vity of  2-^41.    From  the  late  analysis  of  this 

ndneral  by  Arfwedson,  its  constituents  appear  to 
be 

Silica  .  44*11 
Alumina  Sa*7S 
Soda  •  20-46 
Watnr 

98-92* 

US  suppose  that  in  this  mineral  every  atom 
of  alumina  is  combined  with  an  atom  of  silica ; 
aiid  every  atom  oi  soda  with  an  atom  and  a  half 
of  silica,  (this  is  a  common  mode  of  combination 
of  soda  with  acids  ;) — and  let  an  atom  of  silica 
weigh  %  an  atom  of  alumina  2*25,  and  an 
atom  of  soda  4.   Let  us  calculate  the  composi- 


•  KmfL  VHMdupt  Acid.  HndL  1S01.  p.  15a 
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tion  of  nephdine  according  to  these  suppori* 

tions : 

(1.)  2*25  (atom  ofalumma) :  2  (atomiif  lilka}  : :  S5*73 

(alumina  in  rnmeral) :        .         .        .  29*98 
—  silica  united  to  tlie  alumina. 

(S.)  4  (atom  of  aoda)  :  3  (1^  atom  iflica)  : :  20*46 

(soda  in  minenl) :  • ,  1£*345 

Total  silica     ....  ^^-S^S 

The  silica  in  the  mineral  being  only  44*11 

grains,  is  less  than  the  amount  of  the  silica  de- 
duced Irom  the  above  suppositious  by  1  '215  grain. 
Let  us  admit  the  specimen  analyzed  by  Arfwed- 
son  to  have  been  periectly  pure,  and  the  analy- 
sis to  have  been  accuratet  and  let  us  deduce 

from  it  tlie  atomic  \vci£^lit  of  silica. 

It  is  obvious  that  nepheiiue  must  consist  oi^  3 
integrant  particles  of  rilicate  of  alumina,  united 
to  1  integrant  particle  of  sesquisilicate  of  soda. 
Of  consequence,  id  of  the  deficiency  belongs  to 
the  sesquisilicate  of  soda.  Hence,  silicate  of 
alumina,  according  to  Arfwedson's  analysisi  is 
composed  of 

Silica         .       2917       or  1*94582 
Alnmioa     .    .  SS*7S  2'je5 

"  The  atom  of  silica  deduced  from  this  mineral 

is  less  than  wlieii  detliired  from  bucholzite. 
Tiie  reason  is,  probably,  that  the  substances  with 
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iiluch  the  mpheline  is  mixed*  (horablendey.meio- 

site,  6ic.)  introduce  a  slight  excess  of  alumina, 
or  3oda»  by  dertrojizig  the  rigid  purity  of  the 
mineral. 

4.  HtDLNBLltGiXE,  OIL  XRlSiLICATE  01  1R0N» 

This  mineral  occurs  in  Marmor's  mine,  Tuna- 

berg,  Sweden,  where  it  forms  layers  in  white  cal- 
careous spar.  It  was  described  and  analyzed  by 
M.  Hedenberg,  in  the  year  1807**  It  has  a 
Uackish  green  colour,  a  iibrous  fracture,  and  it 
MDB  to  consist  of  rhombs,  having  the  same  fi- 
gure as  calcareous  spar  ; — p]ios})]i(>resees  both  by 
tieat  and  triction  ^ — specific  gravity,  3*154*«  The 
eonsfitaents  assigned  by  Hedenbei^,  but  correct- 
ed by  Berzeiius,  are 


Silicft          «      •  • 

40^ 

Pkotosicle  ofinfi 

32*53 

Wfltcf         •      •  ■ 

16*05 

Carbonate  of  lime 

Oxide  of  Manganeae  • 

0'75 

Alumina 

037 

95*S5t 

The  carbonate  oi  lime  may  be  left  out  of  view, 
because  it  is  obviously  derived  from  the  rock  in 

which  the  hedenbergite  was  found. 


•  Afianrflingir,  11.  16i. 
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Let  118  calculate  the  compositioii  of  hedeidiep* 

gite,  on  the  supposition  tliat  it  is  a  trisilicate  of 
iron ;  that  silica  weighs  2,  and  protoxide  of  iroa 
4-5. 

4*5  (atom  of  protoxide  of  iron)  :  6  (S  atonu  aflica)  : :  S2*53 
:  43-37  s  ailiGa  oiiited  to  the  iron. 

The  quantity  of  silica  united  to  the  iron  (on  the 
supposition  that  an  atom  of  it  weighs  2)  exceeds 
the  quantity  in  the  mineral  by  '2*75  grains ;  but, 
in  all  probabiiity,  the  oxide  of.  manganese  and 
the  alumina  supplied  the  place  of  the  deficient 
silica.  Now,  0*37  alumina  will  go  as  far  in  satu- 
rating oxide  of  iron,  as  0*328  of  silica ;  and  0*7^ 
of  protoxide  of  manganese  will  go  as  far  as  0-333 
of  silica.  We  may,  therefore,  subtract  0*66  frooi 
the  deficient  silica,  thus  reducing  the  defidency 
to  2  09  grains. 

If  we  suppose  the  analysis  perfectly  correct, 
the  composition  of  trisilicate  of  iron  deduced 
iirom  it  will  be  '  ' 

SUica  41«2S      or  5*7104 

Protoxide  of  iron  38*55       -  4-5 

According  to  this  analysis,  3  atoms  of  silica 
weigh  57104  ^  hence  the  atom  of  silica  is  -^j^* 
» 1-9085. 

5.  DIOPTOSE,  Oil  SEStiUISILICATE  OF  COJPJP£a« 

This  uuneial,  which  was  at  iii'&t  confounded 
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iriCh  the  emeraldt  is  usually  oystaUiaed  in  six* 
sded  prisms,  terminated  by  trihedral  pyramids. 
It  has  a  fiue  green  colour,  a  foliated  tttxture, 
md  a  specific  gravity  of  S*d.   It  is  a  conductor 

of  electricity.  From  an  analysis  of  this  miuei'al 
by  Lowitz,  we  learn  that  its  constituents  are 

SflioA  ,  ss 

Pmxide  of  copper  •  55 
Water  IS 

100 

Let  us  calculate  the  constituents  of  this  mineral 
on  the  supposition  that  it  is  a  hydrated  sesqui- 
silicate  of  copper  ^  that  an  atom  of  silica  weighs 
i,  an  atom  of  oxide  of  copper  6,  and  an  atom  of 

water  Vl^o. 

(I.)  5  (atom  of  oxide  of  copper)  :  3  (I  J  atom  silica)  : :  55  : 

33  S3  tht  mhoL  united  to  the  oxide, 
(1^ SS :  l^S(wiler in miiwril): :  6: 1-0905 »  wsfeer in tfa« 

minenlf  ray  nearly  1  stom. 

Hence  the  mineral  is  composed  of 

I  inleg.  part,  of  aetquiailicate  of  copper  i  \  gg 

1^  oxiuO  55  J 

1  atom  water       .         .        «         •  12*37 

100-37 

This  mineral  gives  us  exactly  2  for  the  atomic 

weight  <^  silica.    There  is  a  dight  deficiency  in 

M  a 
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the  water»  which. could  be  proiiably  accounted 
for,  if  we  knew  the  pitvious  ttMtmeiit  which  liie 

mineral  had  received. 

6.  SILICATE  OF  ZINC.  . 

This  mineral  was  first  accurately  described 
and  examined  by  Mr.  Smithson.  It  is  easily  dis- 
tinguished from  the  other  caluniines,  by  the  pro- 
perty which  it  has  of  becoming  electric  when 
heated,  which  is  peculiar  to  it.  It  is  also  very 
generally,  if  not  always,  in  crystals. 

According  to  Smithson's  experunents,  publish- 
ed in  1803,  its  constituents  are 

Silica  .         •  25 

Oxide  of  sine  •  6S*a 
Water  4*4 

97-7 

Berzelius,  who  made  an  analysis  of  it,  expressly 
with  a  view  to  elucidate  the  doctrine  of  definite 
proportions,  found  it  a  compound  of 

Silica         .        .  24-893 

Oxide  of  xinc      •  66-837 

Water  7«460 

Carbonic  add  0*450 

Oudeaof  Icadandtin  0^76 

•  NouvcMi  Sjraicin«  jCdinenO.  p.  SdSl 
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An  atom  of  oxide  ot  zioc^  as  has  beeu  proved iu 
Ike  fiist  chapter  of  this  work,  weighs  Now, 

ii  silica  weigh  ^  and  this  mineral  be  a  silicate  of 
anc,  we  have  2  : : :  ^893  :  65*344  »  ox- 
iJe  of  zinc  united  to  tlie  silica. 

The  oxide  of  ziuc  in  the  uuneral  exceeds  this 
quantity  by  l«49d  grain,  according  to  Berze* 
Ihis'  analysis.  Let  us  see  how  far  this  excess 
can  be  aocounted  fon 

1.  The  water  in  the  mineral  amounts,  we  see, 
to  7*460  per  cent.  Now,  an  atom  of  water 
weighs  1*1^,  and  an  integrant  particle  of  an- 
hydrous silicate  of  zinc  7*25;  and  7"25  •  1*1'^ 
: :  90*«87  (the  silicate  of  zinc  per  cent)  :  14-002 
'  s  quantity  of  water,  supposing  the  silicate  to 
contain  1  atom  water.  Now,  14*00^  bemg  near- 
ly double  the  quantity  (rf*  water  actually  contain- 
ed  in  the  mineral,  it  is  obvious  that  the  siUcate 
of  adnc  can  contain  only  half  an  atom  of  water, 
which,  in  100  parts  of  the  mineral,  amounts  to 
7*001.  The  quantity  of  water  in  the  mineral  is 
7*460,  which  exceeds  7-001  by  0*459. . 

£.  Besides  the  sihca,  then,  there  are  two  other 
ffibfftanm  contained  in  the  mineral,  both  of 
which  have  the  property  of  uniting  to  oxide  of 
zinc.  There  are  0*459  grain  of  water,  and  0*45 
gnun  carbonic  acid* 

Now,  Q'45  graui  of  carbonia»cid  requires  0*86 
grain  of  oxide  of  zinc  to  form  anhydrous  carbo- 
nate  but  carbonate  of  zinc  usually  c<^tain8  U 
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atom  of  water.  This,  united  to  a  quantity  of 
anhydrous  carbonate,  weighing  1*31  grain,  a^ 
mounts  to  0*^6  grain.  There  still  ranauu 
0*183  grain  of  water  to  be  di^josed  ot'.  It  is 
probably  united  with  oxide  of  zinc  in  the  mine* 

ral,  so  as  to  form  the  common  livdrate  of  zinc, 
composed  of  II  atom  water,  united  to  1  atom 
of  oxide  of  zinc.  Now,  1*687^  (U  atom  of 
water)  :  6*25  (an  atom  of  oxide  of  zinc)  :  :  0*183 
(water  still  unaccounted  for)  :  0*569  oxide 
of  zinc  united  to  this  water,  in  the  state  of  hy- 
drate. 

3.  Thus  it  appears,  that  1'4£9  grain  of  oxide 
of  zinc  may  have  been  in  the  state  of  carbonate, 
or  hydrate  of  zinc,  reducing  the  amount  of  the 

surplus  to  0*064  grain— a  quantity  i^reatly  with- 
in the  limits  ok  the  unavoidable  mora  of  ana. 

lysis. 

We  are  entitled,  therefore,  to  consider  silicate 
of  sine  as  a  compound  of 

Silica  '         •        Si'Sgs       or  1*998 

Oxide  of  zinc  .         65-408         -  5-25 

Here  the  atomic  weight  oi  silica  is  about  ns^th 
part  less  than 

7«  BISILICATS  OF  HANOANl^SE. 

]^JJ^J^    This  mineral  is  found  at  Luiigbauiihytta,  in 
Wermeland,  Sweden;  and  it  is  said  to  occur 


Oives 
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mote  mbmidaQUy  at  Catherinburg^,  in  Siberia. 
It  has  a  me  red  eelour,  and  has  never  been  ob- 

lOTed  crystallized  i  but  it  has  a  foliated  fracture, 
ind  natural  cleavages,  indicating  a  rhomboid  for 
its  primitive  forai.  Its  specific  gravity,  as  deter- 
mmed  by  Hisinger»  is  3*5384. 

Hus  mineral  was  analyzed  by  Ruprecht,  and 
likewise  by  Napiooi^  but  at  a  time  when  the 
chemical  knowledge  of  manganese  was  not  far 
eDoiigh  advanced  to  admit  of  correct  results. 
It  was  analyzed  by  Berzelius  in  1806,  and  the 
eonstitoents  were  published  by  him  in  the  first 
Toluaie  oi  tiie  Afhandiingar  (p.  108).  He  re- 
peated the  analysis  in  1817f  with  as  much  care 
ss  possible,  and  obtained  the  following  consti- 
tuents : 

Silica  ...  48 

Deutoiide  of  nunganeie  *  54*42 
lime  •  S*IS 
MsgniBwa  .  •    *  0*28 

With  a  trace  of  iron. 

105*76 

Here  the  weight  of  the  ingredients  exceeds  the 
weight  of  the  original  specimen  by  5-76.  The 
reason  is  obviously,  that»  in  the  mineral,  the  man- 
ganese exists  in  the  state  of  protoxide ;  but  it 
was  converted  into  deutoxide  in  the  course  of 
the  analysis.'  It  will  be  shown  hereafler,  tliat 
pmCoxide  of  manganese  weighs  4<\>,  and  deutox- 
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idfid.'  If  wexeduce  the^ireight  ibe  maoga^ 
neae  in  that  proportioiiy  the  coQStitimts  of  the 

mineval  become 

Silictt         .      «      .  46 

Protoxide  of  numganete  48*98 

Lime  .       .      ^  310* 

Magnesia    •      .      .  0*22 

100-3 

Let  us  consider  this  mineral  as  a  bisilicate  of 
maogaDese  ^  and  let  us  calculate  its  compiDsitioa, . 
on  the  supposition  that  an  atom  of  silica  is  % 
an  atom  of  protoxide  ot  manganese  4*5,  an  atom 
of  lime  3*5,  and  an  atom  of  magnesia 

(1.)  4'S  (atom  of  protQiideinaiigtneae)  :  4  (2  atoms 
silica)  :  ;  48*98  ;  43*53  =  silica  united  to  man- 
ganese      .......  43*53 

(2.)  S'5  (atom  lime)  :  4 : :  3*1  :  3*54  «  ailica  muted 

to  lime   5*54 

(3.)  2*5  (atom  magnesia)  :  4  : :  0*22  ;  0*35  =  ailica 

united  to  magnesia     .       .       •       «       .  0*55 

Total  silica  united  to  the  bases  =  47'^ 

This  quantity  of  silica  is  0*58  grain  less  than 
what  was  found  in  the  mineral  by  Berzelius. 

The  quantity  which  he  found  is  xioth  part  more 
than  it  ought  to  have  been,  supposing  an  atom 

of  iiilica  to  weigh  2.    Let  Uij,  llicrcfbrCj  deter- 

•  Conrectiiig  Bcndtus's  crtimatb 
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mine  the  aUmiic  we^ht  of  silica,  on  the  supposi- 
tkm  that  thet  oonstitiieiitBi      ^elenmiiad  by 

Berzeluis,  are  rigidly  accurate. 

The  bisiiicates  ot  lime  and  inagnesia  may  be 
omitted  as  foreign  bodies.  They  contain  about 
Ath  of  the  whole  silica ;  coDsequently,  i^tli  of 
the  surplus  silica,  or  0*05,  must  be  subtracted. 
The  remainder  is  0*53 :  let  us  add  this  to  the  si- 
lica united  to  the  protojude  of  manganese.  This 
gives  us  bisilicate  of  manganese  composed  of 

^icft  44*06  or  4<0479S 

Protoxide  of  mangaiie&e    4-8 '98  -  4*5 

Two  atoms  of  sihca  weigh  4'04798  ;  consequent-  ciiv«i 
ly,  the  weight  of  an  atom  wiU  be  £OS399,  which 

exceeds  2  by  rather  more  than  1  per  cent. 

■ 

8.  KNtBEi-iTE,  OR  SILICATE  OF  IRON  AND 

MANGANESE. 

$ 

This  ore  has  been  described  and  analyzed  by  XaMHi 

Dobereiner.  It  is  grey,  with  spots  of  various 
colours,  occurs  in  amorphous  masses,  and  has  a 

specific  gravity  of  3'714>,    According  to  Do- 
bereiner's  analysis  its  constituents  are 

Siltes      •  « 

Protoxide  of  mm  32 

l^roLoxide  of  mangaueiie  35 

99'S 
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Let  US  calculate  the  composition  of  this  min- 
eral on  the  suj^Kiflitioii  that  it  is  a  silicate  of  iron 
and  manganese  $  and  Aat  the  atomic  weight  of 
silica  is  %  of  protoxides  of  iron  and  manganese, 
each  4^. 

(1.)  4*5  (protozideof  ircm  atom)  :  2(atiiiiiofa3ica) 

:  :  32  :  14-22  =  silica  united  to  oxide  of  iron  14*22 
(2.)  4*5  (atom  ui"  protoxide  of  manganese)  :  2  :  :  55  : 

15'^  =s  silica  imited  to  the  oxide  of  manganege  15*55 

Total  aOica  unitBd  with  the  baaea  »  29*77 

The  silica  found  in  the  mineral  by  Dobeieiner 

exceeds  this  quantity  by  2*72  grains.  This  ex- 
cess might  be  ascribed  to  the  presence  of  a  cer- 
tain quantity  of  triplicate  of  manganese*  Pro- 
toxides of  ii*on  and  manganese  having  the  same 
atomic  weight,  the  silicates  of  these  two  bases 
should  have  the  same  weight.  Hence,  it  is  not 
unreasonable  to  suppose,  that  only  3^  grains  of 
the  protoxide  of  manganese  were  in  the  state  of 
siHcate — the  other  3  grains  may  have  cxiiited  in 
the  state  of  trisilicate.  Now,  4-5  (atom  of  pro- 
toxide of  manganese)  :  6  (3  atoms  silica)  :  :Si 
4  =  silica  muted  to  the  3  manganese.  The  con- 
stituents of  the  mineral  may  be  thus  stated : 

SOIcateof  iron  46-92 

Silicate  of  manganese  ^6  -22 
Triailicate  of  manganese  7*00 

99-44 
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This  almost  coincides  with  the  aoalysis  of  Do* 
bereiner. 

But  waving  this  probable  explanation  of  the 
excess,  let  us  calculate  the  atomic  weight  ci  ai- 
tica,  on  the  supposition  that  the  mineral  contains 
only  simple  silicates^  and  that  the  analysis  is  quite 
correct.  The  excess  of  the  silica  must  be  divid- 
ed between  the  two  silicates  in  the  ratio  of 
:  15-55  ;  or  we  mint  add  1*40  of  it  to  the  anlica 
united  to  the  manganese,  and  1*3  to  the  silica 
united  to  the  iron.  This  gives  us  silicateof  iron 
composed  as  follows ; 

Gives 

SOics      .      .  or  S-1SS7  2-1SS7. 

Protoudeof  iron  9St      -  4*5 

Let  us  now  take  a  mean  of  the  weight  of  an 
atom  oi  silica,  deduced  from  the  analyses  of  the 
8  minerals  which  we  have  just  examined. 

1  Table  spar  gives  the  atom  ot  silica  1*96800 


2  Bucholzite   1-997595 

3  NepheUne        ....  1*9^582 

4  Hedenberglte    ....  1*90350 

5  Silicate  of  sine         ...  I  99B0O 

6  Dioptasf   2  OUOOO 

7  Bisilicate  of  maugaDeae       .       1  2  0239!^ 

8  Knebelite         ....  2*lSd70 


Mean 

Mean  2-00245  s4XXN0b 

This  weight  exceeds  2  only  by  TiAnrth  part.  The 
^mic  weight  given  by  BerzeUus,  from  his  own 
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experiments,  is  beiow  2.   But  the  weight  just 
duced  is  fiom  a  much  g^eate^  number  of  ex« 
perimentSy  and  ought,  therefore,  to  be  much 
nearer  the  truth. 
t^^ntTe  Itoccumd  to  me,  that^  as  silica,  whan 

oe  si.  heated  with  carbonate  oi  potash,  has  the  proper- 
ty of  disengaging  the  carbonic  add  gas  and  unit- 
ittg  with  Ihe  potash  in  its  place,  I  might  l^e  able 
to  form  some  estimate  of  the  atomic  weight  of 
silica  by. mixing  determinate  quantitieB  of  it  with 
pure  dry  carbonate  of  potash,  exposing  the  mix- 
ture to  a  strong  heat  in  a  philinum  enicible,  and 
noting  the  loss  of  weight 

I  found,  in  the  first  place,  that  carbonate  of 
potash,  obtained  by  exposmg  crystals  of  the  U- 
carbonate  to  a  red  heat,  lost  no  sensible  weight 
though  kept  for  a  considerable  time  in  a  state  of 
fusion.  I  found,  in  the  second  place,  that,  to  make 
a  successful  experiment,  it  was  necessary  to  em- 
ploy, at  least,  eight  times  as  much  carbdnate  of 
potash  as  of  silica.    When  less  was  employed, 
the  loss  of  weight  was  always  much  too  small. 
Twelve  grains  of  pure  silica  in  fine  powder,  and 
aiihydrous  carbonate  of  poUsh,  were  mixed  to- 
gether,  aud  kept  in  a  state  of  fusion  for  IS  hours 
in  a  platinum  crucible.    The  loss  of  we%ht 
amounted  to  16'67  grams. 

It  appears  from  this  experiment,  that  l&fl? 
grains  of  carbonic  acid  are  displaced  by  1^ 
grains  of  silica;  but  upon  examining  the  cruci- 
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bie»  I  fiMind  that  it  had  hecotne  lighter  by  0-ld 

grain.  Deducting?  this  diminution,  there  remain 
l&M  grains  lor  the  true  quantity  of  carbonic 
idd  expelled.  Now  16*52  (the  cnrbmiic  add 
expelled)  ;  12  (the  silica  employed)  :  :  2'75  (the 
tfrnnic  weight  of  caibonic  add)  :  1-997^6  » the  f.^^^^ 
weight  of  an  atom  of  silica.  tfitiii 

From  this  experiment,  wiuch  was  several  times 
npestedy  the  atom  of  silioa  appears  to  weigh 
1'99758>  wliich  is  very  nearly  njWth  part  less 
thai  i2;--4he  atdouc  weight  of  silica,  deduced 
from  the  analysis  of  eight  silicates,  was  a  little 
above  As  the  deviations  in  tiiese  two  diiier- 
eot  eels  ef  eipenmeots  are  on  difierent  sides, 
there  is  a  chance  that  the  mean  of  the  two  may 
come  still  nearer  the  truth. 

4 

Atomic  weight  of  hIicr  fiom  the  analy sif  of  eight 

aaicatet  2-00845 

Atooiic  weight  of  silioi  fhnn  hesdng  tUica  and 

carbonate  ui  potash       ....  1*997^8 


'       Mean  of 

Meao  of  both  2*00001  ^»^>>  e>^» 

•  -  2H)0001. 

lis  atomic  weight  is  little  more  than  aooloiTo*^'^ 

part  c^reater  than  2, 

IV.  Silica  enters  into  definite  combinations 
with  water,  forming  various  hydrates.  Some  of 
the^e  I  have  examined  with  care  ;  and  they  fur- 
nish satisftctoiy  evidence  that  the  true  atomic 

weight  of  feilica  is  2. 

I.  When  silica  is  iused  with  potash  or  car- 
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Dihydratc  booate  of  8oda»  aDd  the  fused  mass  dic^ested  cd 
hot  water,  we  may  either  obtam  a  eofaitioii^  era 
wliite  insoluble  flocky  residue  may  be  left,  ac» 
cordiDgto  the  ^pianttty  of  water  which  we  em^ 
ploy.  This  flacky  residiie  i§  a  hydiate  of  mlicBt 
which  may  be  separated  by  the  filter,  washed  by 
repeated  efiusions  of  water,  and  dried  in  a  tem* 
perature  which  must  not  exceed  85°  or  9(f*  In 
summer,  when  the  weather  happened  ta  be  veiy 
wann,  I  have  repeatedly  obtained  an  afecunle 
atomic  hydrate  of  silica  by  drying  it  in  the  open 
air ;  but  in  general,  unleis  tiie  temperature  be 

artificially  raised,  the  silica  retains  a  small  excess 
of  water.  This  hydrate,  when  properly  prepar- 
ed, 18  composed  of 

Silica        •        •  4 
Water  .  1*125 


5-1S5 

Now,  1'1£,0  is  1  atom  of  water,  and  I  must  be 
just  ^  atoms  ot  siUca  ^  so  that  the  hydrate  i& 
a  compound  of  1  atom  water,  and  %  atoms  si* 
lica  ;  and  an  atom  of  silica  weighs  exacdy  ^. 

I  shall  relate  two  experiments  which  I  made 
to  obtain  this  hydrate, — the  first  an  unsuccessftal, 
and  the  second  a  successful  one,<-i--that  the  read- 
er may  be  enabled  to  judge  bow  great  a  8ur^o> 
uf  water  the  silica  may  retain. 

About  the  middle  of  May,  18129,  I  fiised  a 
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rjii.inuty  oi'  8iiica»  witii  Uirice  its  weight  of  an^ 
hjrdious  carbonate  of  soda,  and  digested  the  fus- 
ed mass  in  a  small  quantity  of  water,  tiU  the  si- 
Eca  assumed  a  flocky  appearaDoe.  The  whole 
was  then  thrown  upon  a  filter  ^  and  the  silica  was 
washed  repeatedly  with  distilled  water,  till  no 
tnces  of  soda  could  be  found  in  the  washings. 
In  two  days  the  filter  with  the  silica  becaiiie  dry 
eaou^  to  be  handled.  I  placed  the  filter  on 
ie?eral  folds  of  bloating  paper,  on  a  table  in  the 
Buddie  of  my  laboratory,  where  it  was  allowed 
to  lemain  for  six  weeks,  without  being  disturbed* 

It  r-iav  be  necessary  to  mention,  that  the  weallier 
danng  the  whole  time  was  uocommouly  cold  ^ 
and  I  have  reason  to  believe,  that  the  tempera- 
ture of  the  room  scarcely  ever  exceeded  60°,  if 
it  amounted  to  so  much.  When  I  returned  to 
Glasgow,  on  the  24  th  of  June,  the  thermometer 
10  my  laboratory  stood  at  5T*  The  silica,  to 
tke  eye  and  the  feel,  appeared  perfectly  dry  ;  it 
weighed  43-23  giaius.  By  exposure  to  a  red 
beat,  it  lost  10*65  grains^  and  was  reduced  to 
M-68.  Now,  32-68  :  10-55  :  :  4  :  1-2913  =  wa- 
ter  combined  with  4  silica.  This  exceeds  1-12^ 
by  Oi€6a,  which  is  rather  more  than  Hh  of  an 
itooi.  This  may  be  considered  the  greatest  a- 
aount  of  the  excess  which  ever  remains.  I  shall 
sow  state  the  cii  cumstanceii  of  the  successful  ex»  • 

A  quantity  of  silica  obtained,  precisely  as  in 
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tlie  preceding  experiment,  after  being  sufficicntl) 
washed  was  left  on  the  iiiter  till  it  was  dry  enough 
to  be  moved.    It  was  then  placed  (still  on  the 
filter)  in  a  linen  bag,  which  was  suspended  at 
some  height  above  my  sand  batht  in  a  temp^ 
ture  of  85%  where  it  was  left  for  several  days, 
till  it  ceased  to  lose  weight   By  this  treatment, 
the  silica  became  a  ^ery  white,  dry  powder, 
which  weighed  38-4  grains.    Being  exposed  to 
a  red  heat,  the  weight  was  reduced  to  ^9*97 
grains ;  so  that  it  had  been  a  compound  of  ^'97 
silica,  and  8-4S  water;   Now,  «9*97  :  8-4^  : :  4^ 
:  1*125     the  water  united  to  4  of  siltca«  Heic 
we  see  that  the  silica  and  water  were  united  iu 
the  trne  atomic  proportions*   And  this  is  an  ex- 
periment which  I  have  often  made  successfiilly. 
Thirteenth        If  the  silicatod  potash,  or  soda,  be  digested 
hy^drateof  .^^  ^  sufficient  quantity  of  water,  we  may  obtain 
a  complete  solution,  which  is  neither  precipitat- 
ed by  acids  nor  alkalies.    When  this  solution  is 
concentrated  by  evaporation,  it  assumes  the  form 
of  a  transparent,  colourless,  tremulous  jelly,  cou- 
sisting  of        and  water,  united  together  in  the 
form  of  a  hydrate.    If  we  throw  this  jelly  upon 
the  filter,  and  wash  it  with  hot  water  till  tiie  al« 
kali  be  completely  removed,  the  silica  remains 
in  the  state  of  a  matter,  so  transparent  and  co- 
lourless, as  scarce  to  be  perceptible  at  first.  If 
we  allow  this  jelly  to  dry  on  the  filter  till  it  ceases 
to  feel  wet,  or  to  moisten  bibulous  paper,  it  still 
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retains  a  certain  degree  of  transparency,  and  is 
Bot  quite  desUtiUe  of  its  gelatiaoiis  fonn.  In 
this  state  it  is  a  compouiid  of 

1  atom  nlioa  2 
13  atmni  water  lMS5 


So  that  in  this  hydrate,  though  apparently  quite 
try  and  solid,  more  than  fths  of  the  whole  weight 
is  water. 

3.  If  we  allow  this  solid' mass  of  jelly  to  ^^^^  ^ 
10  the  open  air,  without  breaking  it  in  pieces,  it 
gradually  assumes  a  yellowish  colour,  somewhat 
unilar  to  that  of  gum-arabic ;  and  even  after  an 
interval  of  several  years,  it  is  still  semi-transpa- 
rent. In  this  state  it  is  very  brittle,  but  hard, 
and  breaks  with  a  conchoidal  fracture.  It  has  a 
certain  resemblance  to  common  flint ;  or  ratlier 
it  may  be  stated  as  an  intermediate  looking  sub* 
stance  between  flint  and  calcedony.  This  hy- 
drate of  silica,  when  successfully  prepared,  is 
composed  of 

1  aton  silica  2 
1  atom  water  1*^25 

I  have  succeeded  in  preparing  this  hydrate^  only 

by  leaving  it  for  a  very  long  time  (la  general 
several  years)  in  a  warm  and  dry  room.  I  shall 
state  the  result  of  an  experiment  made  during 
the  summer  of  1823.    A  quantity  of  gelatuious 

N  8 


196  ACIDIFIABLE  COMBUSTIBLES. 

silica,  prepared  iu  tlie  way  just  described,  was 
left,  unbrokeD,  on  the  filter,  for  six  weeks*  Its 
weight  was  13-63  grains,  Beinp^  ex})osed  to  a 
red  heat^  it  lost  5*13  grains  |  consequently,  the 
anh)  drous  silic^  amounted  to  8*5  grains,  and  the 
water  to  5-13.    Now,  8-5  :  5-13  l-SO?  = 

water  united  to  d  silica.  This  exceeds  the  atomic 
proportion  by  about  V$th  of  an  atom, 
otfier        4^  There  are  several  other  hydrates  of  silica* 
besides  tlic  three  which  I  have  just  described. 
I  have  formed  a  hydrate,  composed  of 

5  atoma  dlica  =  6 
^  1  atom  water  ^  1*1S5 


hydrates. 


7-125 


1  liave  obtained  another,  composed  of 


l  atoms  silica  =  8 
S  atoms  water  «  3*375 


11-37S 


This  great  variety  ol  hydrates  renders  it  always 
indispensable  in  the  chemical  analysis  of  minerals 
to  expose  the  siHca  to  a  red  heat,  in  order  to  be 
sure  of  its  true  weight. 

V.  The  details  in  this  section  have  been  some* 
what  tedious  j  but  they  were  necessary  to  est:a- 
blish  the  true  atomic  weight  of  sUica.  Let  us 
recapitulate  the  different  results  obtained. 
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1.  Berzelius  has  concluded  from  his  analysis 
of  silicated  iroa,  that  the  atoouc  weight  ot'  silica 
if  1-988.   But  the  m^an  of  the  experiments  of 

fierzelius  and  Stromeyer  gives  us  for  its  atomic 
weight 

2.  The  mean  of  the  analysis  of  eight  native 
silicates  of  diflfereot  kinds  gives  us  the  atomic 
veight  of  silica  €'00245. 

3.  My  deco  ill  position  of  carbonate  of  potash 
hf  silica  gives  ibr  its  atomic  weight  1*997^3* 

4.  The  analysis  of  the  hydrates  of  silica  gives 
its  atomic  weight  exactly  i^. 

Even  if  we  were  to  strike  a  mean  from  all 
these  diilerent  estimations,  the  weight  of  an 
atom  of  silica  would  not  deviate  so  much  as 
nAreth  part  from  2.  But  this  method  of  pro- 
ceeding would  not  be  quite  proper.  The  ex- 
periments on  the  hydrates  being  most  easily 
made,  and  most  susceptible  of  precise  results, 
should  have  tiie  greater  effect  in  fixing  our  no- 
tions on  the  subject  Now»  the  hydrates  make 
the  atomic  weight  of  silica  precisely  ^.  Next 
to  the  hydrates*  the  greatest  confidence  seems 
due  to  the  mean  deduced  from  the  analysis  of 
the  eight  silicates^  now,  this]  mean  diflLrs  trom 
^  by  only  vMh  part.  Upon  the  whole  I  am 
persuatled,  that  no  unprejudiced  person  who 
peruses  the  preceding  details  can  have  any 
doubt  that  the  true  atomic  weight  of  silica  is 

Silica  is  a  compound  of  silicon  and  oxygen. 

N  S 
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Now,  from  the  experiments  of  BerzeliuSy  men- 
tioned in  the  beginning  of  this  sectiott,  it  is  dear 
tliat  the  weights  of  the  silicon  and  oxygen  are 
nearly  equal.  Since  the  atomic  weight  of  silica 
is  %  and  ijf  oxygen  1,  it  is  evident  that  the 
atomic  weight  of  silicon  is  also  1.  The  true 
composition  of  silica  is  therefore 

1  atom  silicon  I 
1  atom  oxygen  1 

SECT-  IV. 

OF  THE  ATOMIC  WEIGHT  Oi-  riiOSPHOilUS. 

Phosphorus  enters  into  chemical  combmations 
both  with  hydrogen  and  oxygen;  with  the 
former  it  constitutes  only  gaseous,  with  the 
latter,  only  solid  compounds.  Its  combinations 
with  oxygen  are  pkosphortm  and  phospliork 
add!ss-*-combinations  of  great  importance  in  the 
animal,  and  not  without  interest  in  the  mineral 
kingdom.  Let  us  first  investifratc  the  atomic 
weight  of  piiospbohc  acid.  It  will  then  be  easy 
to  determine  the  composition  of  phosphorous 
acid. 

Atotnic^     1.  Phosphoric  acid  forms  soluUe  and  aystal- 

lizable  salts  with  the  alkalies.    Of  these  none  Is 
*^       better  known  than  phosphate  of  soda,  which 
being  employed  as  a  medicine,  is  prepared  by 
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trading  chemists,  and  kept  for  sale  in  apothe- 

It  crystallizes  iu  rhomboids,  has  a  cooling  and 
loawwiiat  bittmr  taste,  and  efflcnresces  when  kept 
in  a  dry  atmosphere.  I  have  met  with  this  salt 
consisting  oi'  11  atoms,  and  likewise  of  1^  atoms 
of  water  combined  with  one  mtegrant  partide 
oi'  aiihj  clious  phosphate  of  soda.  By  far  the 
most  common  proportion  of  water,  however,  it 
W  atoms.  This  difference  in  constitution,  as 
£v  as  the  aqueous  part  is  concerned,  probably 
dqiends  upon  the  way  in  which  it  has  been  kept. 
It  very  speedily  effloresces  when  exposed  to  the 
ar.  Now,  when  got  from  the  shops,  we  often 

perceive  white  effloresceJ  spots  scattered  tliroufirh 
tfae  crystals*   It  is  in  such  cases  that  the  water 

crystiiUisation  is  sometimes  reduced  to  11 
atoms.    We  can  never  depend  upon  the  water 

crystaUisation,  unless  the  salt  be  quite  trans- 
parent. I  think  it  best  to  make  it  anhydrous 
by  beating  it  red  hot,  and  keeping  it  tor  some 
tee  in  a  state  of  fusion  in  a  platinum  crucible. 

7*5  grains  of  anhydrous  phosphate  of  soda, 
and  grains  of  crystallized  nitrate  of  lead, 
were  dissolved  in  separate  portions  of  distilled 
water,  care  being  taken  not  to  employ  more 
water  than  was  sufficient  to  dissolve  the  salts 
completely.  Tliese  two  solutions  being  mixed 
together,  a  double  decomposition  took  place ; 
phosphate  of  lead  precipitated  in  the  state  of  a 
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white  insoluble  powder,  while  a  transparent 
colourless  liquid  remaiuedf  holding  nitrate  of 
soda  in  solutton.  A  drop  of  this  liquid  was  pat 
into  a  watch  glass,  and  mixed  with  a  drop  of 
solution  of  sulphate  of  soda*  No  precipitatioii 
or  opalescence  took  place,  showing  that  the  li- 
quid contained  no  sensible  quantity  ot*  lead. 
Another  drop  of  the  same  liquid  being  put  into 
another  watch  glass,  was  tested  in  the  same 
manner  with  nitrate  of  lead,  without  being  in* 
the  least  affected,  showing  the  absence  of  any 
sensible  quantity  of  phosphoric  acid.  This  ex- 
periment was  repeated  several  times  with  exact- 
ly the  same  result. 

From  the  preceding  experiment  it  is  obviouB^ 
that  the  oxide  of  lead  in  2075  grains  of  nitrate 
of  lead,  just  neutralizes  the  phosphoric  add  in  7*^ 
grains  of  anhydrous  phosphate  of  soda.  In  like 
manner,  tlie  nitric  acid  of  tlie  former  salt  just 
neutralizes  the  soda  of  the  latter.  But  idQ*?^ 
grains  of  nitrate  of  lead  are  composed  of 

Nitric  acid  .  6*75 
Protoxide  of  lead        1 4 


2075 

Numbers  wliich  are  equivalent  to  tlie  atomic 
weights  of  nitric  add  and  protoxide  of  lead.  ^ 

Fourteen  grains  of  protoxide  of  lead  require 
for  saturation,  a  quantity  of  phosphoric  acid, 
equivalent  to  an  atom^  67^  gmms  of  nitric 
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add  require  exactly  4  grains  oi  soda,  wiiicii 
viil  be  sboim  afferwivds  to  be  equivaleot  to  an 
atom. 

^'6  grains  ot  anhydrous  phosphate  of  soda, 
IheOt  contain  juat  4  grafaia  of  soda.   The  le- 

uiaiiiing  S'5  graiub  must  be  tlie  phobphoric  acid 
of  the  salt.   Thus,  it  -appearB*  that  anbydrou 
phosphate  of  soda  is  oonpoaed  of 

Phosphoric  acid  S'5 
Soda  • 


7-5 

S*5  of  phosphoric  acid  just  saturate  4  of  soda,  shown  to 
aad  14  of  protoxide  of  lead,  each  of  which  num- 
ben^  represents  the  atomic  weight  of  the  respec- 
tive bases ;   consequently,  3*5   is  the  atomic 


■ 

7l 

Hi 

2»  Many  attempts  haire  been  made  by  che- Attoapcs 

ffii^  to  determine  the  composition  of  phosphoric  ^h^^b^ 
add  by  die  rapid  combustion  of  phosphoms.  For 
when  phosphorus  burns  with  flame,  it  unites 
with  the  oxygen  of  the  atmosphere,  and  is  con* 
verted  into  phosphoric  add.  Now,  as  both 
pliospliorus  and  phosphoric  acid  are  solids,  it  ap- 
pears at  first  sight  easy  to  determine  the  quan- 
tity of  oxy^n  with  which  the  phosphorus  has 
combined,  merely  by  weighaig  the  phosphoric 
acid  produced.  But  in  reality,  this  method,  though 
iippaieiiLly  easy,  is  not  susceptible  oi  perfect  ac- 
curacy.  Phosphorus  can  scarcely  be  obtained 

16 
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in  a  stale  of  complete  purity,  and  we  have  no 

means  o(  appreciating  the  proportion  of  impuri- 
ties with  wliich  it  is  contaminated.  It  can  hardly 
be  burned  completely  in  close  veaselsy  always 
leaving  behind  an  orange  coloured  matter,  which 
deliquesces  iu  the  air,  and  is  gradually  acidified 
spontaneously.  It  would  be  needless  to  relate 
tiie  experiments  made  in  succession  in  tliis  wayt 
by  Lavoisier,  Rose,  myself,  Dulong  and  Berze- 
lius.  Sir  Humphrey  Davy  had  the  sagacity  to 
obviate  some  of  tlie  difficulties  that  had  proved 
most  perplexing  to  his  predecessors,  and  his  ex- 
periments came  by  far  the  nearest  to  the  truth, 
though  they  did  not  altogether  reach  it.  It  may 
be  w  or  til  while,  therefore,  to  mention  the  result 
of  his  researches  on  this  difficult  subject. 

He  inclosed  the  phosphorus  in  a  separate  tray, 
which  he  introduced  into  the  belly  of*  a  glass  re- 
tort; by  this  contrivance,  he  was  eniMed  to 
give  a  stronger  and  longer  continued  heat  to 
tlie  phosphorus.  He  found  that  100  parts  of 
phosphorus,  when  convoied  into  phosphoric 
acid,  unite  witli  135  parts  oi  oxygen.  Let  us 
deduce  the  atomic  weight  of  phosphoric  acid 
from  this  coniposition. 

It  is  obvious,  that  this  acid  is  a  compound  of 
one  atom  of  phosphorus  with  one  or  more  atoms 
oi  oxygen.  Were  tlie  quantity  of  oxygen  only 
one  atom,  the  atomic  wdgfat  of  phosphoric  add 
would  be  only  174.    For  VSd  (the  oxygen  in 
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the  acid)  :  100  (the  phosphorus  in  the  acid)  :  :  1 
(au  atom  of  oxygeo)  ;  0*74^4  »  atomic  weight 
of  phoepboim  But  we  have  just  seen  that  its 
true  atomic  weight  is  3*5. 

Let  us  suppose  the  quantity  of  oxygen  to  be 
two  atoms.  This  would  make  the  atomic  weight 
of  phosphoric  acid  3-481.  For  135  :  100  : :  2  : 
14f8Iff  »  atomic  weight  of  phosphorus* 

It  appears  li  oin  tiiis,  tliat  pbo^horic  acid  is  a 
compound  of  two  atoms  oxygen,  and  one  aUnn 

piiobphoiTis ;  and  that  the  atomic  weight  of 
phosphorus,  according  to  the  result  of  Davy's 
experiments,  is  1*4815»  But  we  have  seen  that 
phosphoric  acid  weighs  3*5 ;  therefore,  the  atom 
of  pho^bcarus  must  in  &ct  weigh  1*5,  or  dearly 
2  per  cent,  more  than  results  from  Davy's  syn- 
thetic experiment  Hence,  100  phosphorus 
mutt  combine  with  only  ISdi  cf  oxygen,  to  form 
phosplioric  acid  j  for  1334  :  1(X)  :  :  2  :  1*5. 
That  this  ia  the  true  composition  of  the  add  will 
appear  from  the  following  experiments. 

db  Phosphorus  and  bydro^pen  combine  in  two 
proportions,  and  form  two  gaseous  compounds 
called  phosphureUed  /^drogen,  and  bih^di  ogurft 
of  phosphorus  ;  the  former  of  which  was  first 
distinguished  as  a  peculiar  substance  by  M.  Gen- 
gembre,  the  latter  by  Sur  Humphrey  Davy. 

(I.)  Phosphuretted  hydrogen  gas  may  be  ob-Comporf- 
tained  pure,  by  puttinii:  fresh  phosphuret  of  limephof^Mimreu 

r      '    if  r        o  g       r  hvdro- 

into  a  small  retort,  fiUing  the  retort  with  water,  ^  ^ 
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and  plunging  its  beak  into  a  trough  containing  re» 
centiy  boiicd  water,  or  water  in  which  some  deut- 
oxide  of  azote  has  been  agitoted  i  the  gas  is  extri. 
cated  with  considerable  rapidity ;  it  is  colourleflBi 
has  a  smell  somewhat  similar  to  that  of  garlic,  and 
takes  fire  spontaneously  when  it  cornea  in  con* 
tact  with  common  air.  Water  absorbs  about  5 
per  cent,  of  its  volume  of  it»  The  speciiic  gra* 
vity  of  this  gas  from  a  mean  of  some  very  care- 
ful experiments  made  in  my  laboratory,  is 
0*90^^5.  But  I  have  elsewhere- shown  that  its 
true  specific  gravity  is  0-90277  which  exceeds 
the  experimental  result  by  an  almost  inapprecia^ 
ble  quantity* 

When  pliosphoi  us  is  heated  in  hydrogen  gas, 
a  portion  of  phosphuretted  hydrogen  gas  is 
formed ;  but  tbe^  volume  of  the  original  gas  is 
not  mcreased.  It  is  obvious  from  this,  that  a 
volume  of  phosphuretted  hydrogen  gas  contains 
just  a  volume  of  hydrogen  gas.  Hence,  if  iiom 
the  specific  gravity  of  phosphuretted  hydrogen 
gas  we  subtract  the  specific  gravity  of  hydrogen 
gas,  the  remainder  will  represent  the  weight  of 
phospborua  united  to  a  volume  of  hydrogen  gas* 

Sp.  gr.  of  phosphuretted  hydrocfpn  gas  0-90277 
— — — —  bydrc^aigas  0-06^44 

Fboflphoras      ....      a  0*83533 

•  Aiuudc  of  PlukMC|ttiy,  XVi.  862. 
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Thus  it  appears,  Uiat  phoBphofetted  hydrogen 
gas  is  a  compound  of 

Hydrogen      0-06d4   or  0*125 
Phosphorus     0*8333    *•  1*5 

Eat  0*1 25  represents  the  weight  of  an  atom  of 
bjdrogen,  and  1*5  must  be  the  weight  of  an 
atom  of  phosphorus.  The  gas  is  obviously  a 
coiiipound  of  one  atom  hydrogen,  and  one  atom 
phosphorus. 

If  we  mix  together  one  voUimc  of  phosphii- 
letted  hydrogen  gas  with  either  one  volume  or 
1*5  volume  of  oxygen  gas,  combusti(m  takes 
place,  and  the  whole  gaseous  mixture  disappeais, 
being  in  the  first  case  condensed  into  water  and 

phosphorous  acid,  and  hi  the  second,  into  water 
and  phosphoric  acid.  Let  us  analyze  these  com- 
bustions ;  they  will  give  us  the  composition  of 
both  phosphorous  and  phosphoric  acids. 

A  volume  of  phosphuretted  hydrogen  gas 
may  he  considered  as  compobcd  of  one  volume 
hydrogen  gas,  and  one  volume  phosphorus  va- 
pour condensed  into  one  volume— and  a  volume 
both  of  hydrogen  gas  and  ^  of  phosphorus  va- 
pour is  equivalent  to  an  atom.  The  volume  of 
hydrogen,  in  order  to  be  converted  into  water, 
requires  half  a  volume  of  oxygen  gas.  It  is  ob- 
vious from  this,  that  phosphorous  acid  is  a  com- 
pound of  one  volume  phosphorus  vapour  and 
baif  a  volume  of  oxygen  gas ;  and  phosphoric 
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add  of  one  voiuine  phosphorus  vapour  and  one 
volume  oxygen  gas.  But  one  volume  of  phos- 
phorus vapour,  and  half  a  volume  of  oxygen  gas 
being  each  equivalent  to  an  atom,  it  is  obvious, 
that  the  constitution  of  these  two  acids  is  the 
ibllowing : 

1.  PHOSPHOROUS  AGIO. 

1  atom  phosphorufl     »  1*5 
X  sfeom  oxygexk  ^  1 

2'5  =  atomic  weight  of  acid. 

2.  PHOSPHORIC  AGID« 

1  atom  phosphorus      «  1*5 

2  atoms  oxygen    •     =  2 

3*5  ^  atonic  weight  of  acid. 

Thus  an  atom  of  phosphorous  acid  weighs 

and  an  atom  ol  pho^phoric  acid  3-5,  which  is  pre- 
cisely the  weight  deduced  in  the  beginning  of 
this  section,  from  the  analysis  of  phosphate  of 
soda. 

Subphot.      When  this  gas  is  allowed  to  stand  for  some 

phurettcd     -  .  , 

hvcirogen  days  over  mercury  or  water,  it  undergoes  no 
sensible  alteration  in  its  volume,  but  deposites 
one-fourth  of  its  phosphorus.  Wlien  thus  altered, 
it  does  not  catch  fire  when  mixed  with  common 
air,  or  oxygen  gas  ;  but  combustion  may  be  im- 
mediately induced,  by  letting  up  into  it  a  little 
deutoxide  of  azote.   When  sulphur  is  sublimed 
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ia  it,  no  alteration  takes  place  in  its  volume.  For 
complete  combustion,  1  volume  of  this  altered 
gas  requires        volume  of  oxygen  gas*  By 

the  combustion,  it  is  converted  into  water  and 
phosphoric  acid.  Complete  combustion  canuot 
be  induced  with  any  smaller  volume  of  oxygen 
gas.  When  we  pass  an  electric  spark  through 
a  mixture  of  1  volume  of  the  ga$»  and  07d  vo< 
lume  of  oxygen  gas,  a  detonation  takes  place ; 
but  the  residual  gas  occupies  very  nearly  1  vo< 
lume*  On  adding  0^  volume  of  oxygen  gas,  a 
new  combustion  takes  plac^,  and  the  whole  gase- 
ous matter  disappears.  It  would  seem  that)  by 
the  first  combustion,  the  whole  phosphorus  is 
consumed,  leaving  the  hydrogen  very  nearly 
pure.  It  is  obvious,  that  half  a  volume  of  the 
oxygen  gas  was  employed  in  converting  the  hy- 
drogen of  the  gas  into  water.  The  remaining 
O  /o  volume  of  oxygen  converted  the  phosphorus 
vapour  into  phosphoric  acid ;  but  phosphorus 
requires  its  own  volume  of  oxygen  gas  for  tills 
purpose.  From  this  it  is  evident  that  the  altered 
gas  is  a  compound  of 

1  volame  hydrogen  gas  .  0*0694 

0*75  volame  phosphorus  vapour       .  0*6250 

Uence  it  contains  just  nine  times  as  much  phos- 
phorus as  hydrogen,  and  its  specific  gravity  is 


20S  ACIDIFIABLE  COMBUSTIBLES. 

0*6344,  or  ten  times  that  of  hydrogen ;  and  its 

atomic  weight  is  1-25.  We  may  distinguish  this 
altered  gas  by  the  name  of  sub^hosphureUed  hy^ 
drogen*  •  -         -  v  ..i  or  • ' 

Bihydro-  ^2.)  BihydroguFCt  of  phosphorus  was  obtained 
So^iMini8.by  Davy,  by  heating  crystallized  phosphorous 
acid.  When  sulphur  is  heated  in  it,  the  volume 
of  the  gas  is  just  doubled,  and  it  is  conveited  in- 
to  sulphwdtted  hydrogen  gag.  Now,  if  ifrfflfbe 
shown  in  the  next  section,  that  sulphuretted  hy- 
drogen gas  contains  just  its  own  volume  of  hy-" 
drogen  gas.  Hence  it  is  obvious,  that  bihydro- 
guret  of  phosphorus  contains  twice  its  volume  of 
hydrogen  gas.  ' 

This  gas  has  a  similar  smell  to  phosphuiettcd 
hydrogen  gas.  It  does  not  bum  spontaneous!/  ' 
when  mixed  witli  common  air,  or  hydrogen  gas ; 
but  combustion  takes  place  readily,  if  an  electfifi 
spark  be  passed  through  the'mixture.  For  com- 
plete combustion,  1  volume  of  it  must  be  mixed, 
with  1*5,  or  with  9  volumes  of  oxygen  gas.  Xhe 
gases  disappear  J  and,  with  the  smaller  propor- 
tion of  oxygen  gas,  we  obtain  phosphorous  -lacid, 
with  the  greater  phosphoric  acid.  From  these' 
facts  it  is  obvious  that  tlie  gas  is  a  couipound  of 

2  volumes  hydrojren  eras        \       .  ^  • 

,    ,       /  \  oondeiwed  into  one  foiiito 

1  volume  phosphonsa  vapour  y 

Its  specific  gravity,  therefore,  must  be  the 

sum.  of  twice  the  specific  gravity  oi  li^  drogcn 
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gas  and  Uic  specific  gravily  oi' phosphorus  vapour 
added  together,  or  0*972^.  For, 

Twiee  sp.  gr.  of  hydrogan  gw  »  0*1388 
$p.  gr.  of  photphorus  vipoar      ^  0"8S85 

=  sp.  gr.  of  tbo 
gas. 

Bihyiii oguret  ol  phosphorus  is  the  tburtb  gas 
which  we  have  met  with,  possessed  of  this  speci- 
fic gravity-  The  otliLi  three  are  azotic  gas,  car- 
bonic oxide,  and  olefiaot  gas. 

Thus  it  appears,  that  the  composition  and  ato- 
mic  weights  of  the  various  compounds  of  phof^- 
fkom  with  oxygen  and  hydrogen  are  as  fol- 
lows : 

K  PhosphoKius  acid  .  1  atom  +  1  atom  2-5 
1  fkvplMrie  and      .      1        +  d  8-5 

iivniofiiw. 

1  FlMNplMirefeled  hjrdr.       1         +1  atom  l-GSt5 

^hSkf^tgantt^jibogfh.  I        +S  1*75 

^SabphospltaiMlladliydr.  0*75     «f  1  l-Sd 

Khydroguret  of  phosphorus  has  both  the  specific 
ff^ily  and  atomic  weiglit  of  azotic  gas. 

SECT.  V. 

or  THE  ATOMIC  WEIGHT  OP  SULPHUR. 

Sulphur  forms  three  acid  compounds  with 
oxygen,  Uistinguished  by  tiie  names  oi  hyfosui" 
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Let  us,  in  the  first  place,  determine  the^afmiq 
weiglit  of  sulphuric  acid,  which  is  the  most  im- 
portant  of  these  compounds. 
Atomic       I.  1,  Sulphate  of  poUish  is  a  salt  which  usu- 
linpfuik  ally  crystallizes  in  pyramidal  dodecahedrons, 
^       though  its  primary  form  is  an  oblique  four  side^ 
pri^m^  aud  it  contains  no  water  of  crystnlliza- 
tion.    1 1  grains  of  sulphate  oi  pptftsl),.  apd 
grains  of  chloride  of  barium,  were  dissolve^  in 
separate  portions  of  distilled  water the  t^xo  sqlu- 
lions  being  mixed,  a  double  decomposi^n  topjf 
place ;  and  sulphate  of  barytes,  being  insohiblc, 
immediately  precipitated  to  the  bottopu,  J,t)? 
residual  liquid,  which  was  transparent  and^cor 
lourless,  was  tested  with  sulphate  of  soda,  autl 
with  muriate  of  barytes ;  but  by  neither  of  these 
reagents  was  it  in  the  least  affected— showing 
that  it  contained  no  sensible  quantity  either  of 
barytes  or  sulphuric  acid. 

From  this  experiment  it  follows,  tiiat  the  suU 
phuric  acid  in  11  grains  of  sttlph«te'<tf  ^otosh 
just  saturates  the  barytes  from  13-25  grriinarof 
chloride  of  barium ;  but  the  barytes  from^  that 
quantity  of  chloride  is  just  9*7-5  grains,  iriticli* 
cqiavalent  to  the  atomic  weight  of  bai  \  tes. 
When  the  sulphate  of  barytes  forme*  »thfiipi»- 
cediniA  experiment  was  washed,  diied^  aafcl  ^* 
posefi  *t<^  a  fed*  heat,  ite  iweightniwis  esacUy 
l4.-7.>  grains  j  aiid  of  this,  weight," i9t7»  ffM^ 
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were  lifiry tea.   Hence  sulphate  oi  barytes  is  com- 

Barytes        .       .  9*7o 
Sulphuric  acid     •       5  i 
*  >iri       L.  .1   F 

The  salt  being  neutral,  and  97$  tepiiesenting  ari 

atbrii  of  bcuytcs,  5  must  represent  the  atomic 
t%ht  of  sulphuric  acid. 

"^ille'potash'in  11  grains  of  sulphate  of  potash 
must  wielgli  6,  which  is  equivalent  to  an  atom  ; 
il^lt'jtast'  saturates  4^6!^  grains  of  muriatic  acid^ 
trtiich  IS  equivalent  to  an  atom  ;  and  wc  have 
seen  that  the.  sulphuric  acid ,  in  it  weighs  5* 
Cciny^lguebtly,  sulphate  of  pot&h  is  dompotond 

Hi     '  •  t    ■   i    ■  ■ 

l<m  Vilf —  ^ttlp*^  acid    .      5=1  atom.  

.    ,  ,       PoUsh       •  6     1  atom. 

11 

•lU'  -Jill  r:..* •   :  I.      '  *     '  ♦»  .  " 

!-{^>iSulpbmic       is  inauuiactured  in  this  couu-  iMcu»odof 

^4iib](>th6'CombttitioQ  of  sulphuri  wbieb  €oi}<- tming  it. 
iwtetsit  into  sulphurous  acid  gas.  This  gas  passes 
ioiOilaug^  leaden  chambers,  the  bottom  which 
brcoyfereid  i«Hh.'id>out  6  inches  of  water;  to^ 
gether.wUh  the  sulphurous  add  gas,  a  quantity 
e£  \i»  vtopour, of  nitrous  actdiMsaes  into  the 
teiden  chamber.  These  two  acids  have  the  pro- 
perty dfs  uniting 'togetiiei' ;  aud  they  tmm  minute 

OS 
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crystals^  which  fall  into  tho'  water  at  the  botfeoai 

of  the  chamber.    The  nionicnt  they  come  iq 
contact  with  that  liquid*  a  deoompositioii  Uke&> 
place  ;^he  sulphurous  acid  is  concerted  into 
sulphuric  acid,  and  the  nitrous  acid  into  deutox* 
ide  of  azote.   This  last  substance  makes  its  es- 
cape ill  the  i^aseoiis  state ;  but  immediately  comes 
in  contact  witli  the  common  air  oi  the  chamber, 
and  is  converted  into  nitrous  acid,  which^  unit- 
ing witli  a  new  dose  oi  sulpliurous  acid,  falls 
9gaip  into  the  water.    These  decompositions 
and  new  formations  continually  go  on  as  long  as 
tlie  air  of  tlie  chamber  contains  oxygen  gas  and 
sulphurous  acid.   The  water,  when  suffideodj' 
impregnated  with  sulpliuiic  acid,  is  drawn  off 
from  Ihe  bottom  of  the  chamber,  and  cbnceo* 
trated  as  far  as  possible  in  leaden  boilers.  Itb 
then  put  into  glass  or  platinum  retorts,  and  kept 
in  a  heat  of  at  least  600>tili  as  much  concentnit- 
ed  as  possible.* 
2nl(te     ^^^^9  ^^^^  prepared,  is  a  clear,  transparent 
•aid  ot     colourless  liquid  like  water,  with  a  certain  degree 
of  consistency,  so  as  to  adiiere  to  the  sides  or  a 

•  The miMmtmrnattt,  vfam  tikm out  «r  the  Umdm  chnbifti  hiti 
tpe^fcgfavltf  efaboat  l<8S.  Itii«coinpousidif  ■boutlalomfelrlNfr- 
ric  «d4t  «nd  15  ilopw  water.  It  w  oonccntrated  In  die  iMdcD  boilcn  tiU 
teipcdiegimiHylMoaiDct  1-T&  InttflntafH  kBMiiy  c«Mi>powd<^* 
i  aiomadi),  ■ndSstomtwalcr;  Iht  iioUing  poinl idd  6tiiwki»'»t^ 
is  €39^.  B«7onil  tfiit  ■Irangth  it  cumot  ^  coofCSMnfljcaiiicd  i»  M« 
vtMim  hewmo  in  nnnaiinfl  if  Itwi  nn  lln  Imd  in'ctMiMi  at  •  greti'raie  m 
Ike  bfliliiif  point  lim. 
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^*bke*mlj'  When  quite  free: from  all  impurityt 

its  specific  giavity  (when  as  strong  as  possible)  i$ 
l<M9':«»4f  it  be  heavier  than  tbis^  it  is  contami- 
nated with  lead.  Tlie  liquid,  in  this  state,  is  a 
campound  of  1  atom  acid  and  1  atom  w^Ler. 
Now 

1  atom  acid  = 
1  atom  water  =  11^5 


6125 

^tiut6'li^  parts  of  it  contain  1*1^  water  and 
5  pore  add.    Add  of  this  strength  requires 

ilie  iiigiiest  temperature  to  Uoil  it.  Mr.  Daltoii 
itilM  that  its  boiling  temperature  is  6d(y— but 
lis  extremely  difficult  to  determine  such  high 
leap^ures  with  accuracy.  I  have  satisfied 
mjself,  however,  that  the  boiling  point  of  this 
^  is  above  000% 

Jf  .tp6*lS5  parts  of  this  add  we  add  1*1^ 

pirn  of  water,  so  as  to  form  a  compound  of  1 
>tOQ  add  and  2  atoms  water,  we  obtain  a  Kquid 
rf  the  specific  gravity  of  1*78.  Acid  of  this 
^irengUi  possesses  the  remarkable  property  of 
freezing  at  a  higher  temperature  than  acid 
of  any  oilier  strengtli — ^its  freezing  point,  ac- 
^osimg  tti  the  experiments  of  Mr.  Keir,  bdng 
^»  Its  boiling  point,  according  to  Mr.  Dalton, 

S.  FMtdsu!jp1iitt€f  of  iron  is-  a  saK  ci>tn)»osed 

OS 
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offtmuog  l«tapf€toiiaedPim».^4*«  

•  '"  -If.  ••Ill 

17-375 

So  that  aa  int^rant  particle  of  it  weighs  17-57^, 
and  4  mt^rant  partictes.  veigb,  69^.  pfrt9* .  If 
we  expose  G9'5  ts  of  this  salt  to  a  gujBScient 
beat»  it  becomes  white  and  loses  30*375  parts  of 
water.  Now,  the  whole  water  contained  in  69'^ 
parts  of  this  salt  is  obviously  Sl'5  parts ;  conse- 
queutly»  there  still  remains  parts  of  water 
united  to  tlic  salt  j  and  the  salt  thus  heated  is  a 

compound  of 

■  > 

J  4  i^toms  sulphuric  acid      =  SO 

4  atflnupiotcnidecf iron  «16' 
1  atom  water      •      .     =  ' 


When  these  89*195  parts  are  put  iiito  an  earthen* 

ware  retort,  and  exposed  to  a  strong  heat,  one 
half  of  tiie  sulphuric  acid,  amounting  to  10 

parts,  is  ck'coiui)osed  into  8  parts  of  sulphurous 
a€»d,  whicli  ilies  ofi  audia^dissipated^^  and  {)juts 
of  oxygen,  which,  uniting  to  the  18  parts  of*pro- 
toxide  oi  iron,  convert  tliem  ijtito  20  parW  of 
peroxide  of  iron.  The  remaining  10  parts  oi 
the  sulphuric  acid  pass  over  into  the  receiver 
united  to  the  1'125  of  water. 
This  is  the  process  followed  at  Nordbausen  in 
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Genmny,  by  which  Jibe.  fURiiug  biilphuric  acid, 
which  answers  so  well  for  dissolving  indigo,  is 
obtained.    Its  colour  is  always  dai1c»  and  it  is 
opacjirc.    I  Jo  not  know  the  reason  oi'  this  opa- 
city, but  suspect  the  presence  of  some  selenium 
^iifr'ki  #MaNMAf))i  phtmoeimivltidivl  haveiDb- 
':iervtjd.  t  The  specific  gravity  pf  this  acid  is  IrSiMi. 
' I'Ajdtlt,'  by  afMreful  smaljrais^  to  Jbe  a^oompoiind 
*'  rfS  atuui6  acid,  and  I  atom  water.  Now< 


•f 


fw.j  .         9iman»aA        Tip,  ,,. 

'  »    I   «  >  ,  I 

1M25 

ik)  Uuit  an  i^itegraqt  particle  of  it  weighs  IX'lUd, 
and  cont^V^  1       parts  water  and  10  paits  of 

pure  acid. 

4p.  A^i^hm  this  acid  is  exposed  to  the  air,  it 
smokes,'  itk  consequence  of  its  great  avidity  for 
upoisture.    It  is  much  more  volatile  than  the 

^  1c  acid  of  this  country.   When  heated  in  Pure  dry 


if"     \  ,  .  ,  ••1.1  1  J^u'phunc 

af^Iass  retort  to  which  a  receiver  is  kited,  and  acid, 
surropilded  with  a  mixture  oi*  snow  and  salt^  one 
the  acid  passM  over  in  a  solid  state;  'form- 
^^iag^a  snow  white  sohd  acid,  hke  asbestus  in  ap- 
1^  l^^arafa!pel  'Wh^t  remains  in  the  retort  is  com- 
1^  poviiid  of  1  atom  acid  and  1  atom  water — or  it  is 
^precisely  ^ilar  to  the  add  of  this  country^i  I 
nave  net'  b^ii  able  to  determine  the  specific  gra- 
vity  oj^' thi^  acid :  its  avidity  lor  water  is  so  great 

'  '  '        O  4  •  * 
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that  it  mpk^  .viplently  wban  Aposad  aitir 

and  is  dissipated  so  speediljr  that  it  catmot*  jbe- 
weighed.  But,  by  drappiog  a  piece  of  it  into  a. 
knqwn.  weight  of  water^  aod  than  datedBitting 

the  increase  of  the  weight  of  the  liquid,  1  was 
enabled  (by  •throwing  down  the  amd  by  mew^  ef  ^ 
muriate  of  barytes)  to  show  that,  when  solids 
it  consists  of  pure  acul^  to  tally  destitute  oi  waten. 
I  have  obtained  it  crystalliaed  in. flat  rfaoniboids,^,, 
quite  transparent,  the  large  faces  deviating  only 
a  few  degrees  from  90°. 

It  is  converted  into  vapour  at  a  temperature 
wliich  must  be  low,  though  1  have  not  determiu* 
ed  it  with  accuracy.  The  specific  gravity  €if  tbis 
vapour  is  5^7X77»  that  of  common  air  bdng 
unity.  One  volume  of  it  ia  capable  of  uniting 
with,  and  condensing,  just  S  volumes  of  ammo- 
niacal  gas.  A  volume,  therefore,  is  equivalent 
to  an  atom  of  the  add,  for  d  volumea  of  ammo* 
niacal  gas  are  just  equivalent  to  1  atom  of  am- 
monia. 

II.  Let  us  now  determine  the  atomic  weight 
of  sulphurotis  acid* 
compotii.      1.  Xhis  add  contains  less  oxys^en  than  sul- 

tion  01  Bul-  ,  . 

phurouM  phuric  \  for  wheo  the  alkaline  sulphites  are  dis- 
solved in  water,  they  ai-e  gradually  changed  into 
sulphates,  while  at  the  same  time  a  quantity  of 
oxygen  gas  is  absorbed.  Its  atomic  we^htt 
tb^n,  is  less  than  that  of  sulphuric  add. 

^.  Sulphurous  acid  is  a  gaseous  coiU{K>unil^ 
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h^^mUf  femed  hy  Minling  'Ailphur 

obii^xjg^u  gas.  Now»  when  we  convert  oxygen 
gM«iato)sill|ibttMnis>  idd  by  tUur  procetSy  we  db 
not  produce  any  alteration  in  its  tolume,  but  we 
prochioe  •  AH  increase  in  its  specific  gravity. 
Hencc^  it  is  obvious  that,  if  from  the  spedfic; 
gravity  of  sulphurous  acid  gas  we  subtract  the 
qicnficgmrityof  oxygen  gift,  - the  remainder  will 
give  U9the  weight  of  sulphur  united  to  a  volume 
of  ioo^fOff  gatLf  I  haveshown  in  a  paper  on  the 
Specific  Gravity  of  the  Gases,  inserted  in  the  ifith 
volume  4flL  the*  Annals  ot  JPhiiosophy,  (p.  *i56) 
liut^tme  speeMc  levity  of  solpburoilB  add 
m  and  we  iiave  seen  that  oxygen  gas 

waj|^141li*  Henoe»  it  is  obvious  that  sul- 
phurous acid  is  composed  of 

Sulphur  i  nil 
Oxygen  lllli 


Or  of  equal  weights  of  each  constituent.  We 
may  consider  sulpiiuious  acid  gas  as  a  cuiupound 
of 

1  «#limNiiis jgta  fM  } 

-     ,         ,  ,  >  conctenseu  into  1  volume. 

1  TDiumefliilpliiir  vapour  | 

9«  Sulphofetted  hydrogen  gas  may  be  obtained  compon. 
by  mixing  together  sulpliuret  of  antimony  and  phurctted 
muriatic  acid  in  a  small  retorl^  and  applying  the  ^^^'^^^ 
heat  of  a  lamp.    The  giii>  may  be  collected  over 
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mentuiy.  .Hik  gaa  Jim  a  fetkL^oikmcy  .tod  a 

specific  gravity,  of  1*1805  :  it  burns  with^e^  blue 
iiame  i  and  1  volume  of  it,  for  (*tmfhH^  i^mlutsu 
txatkf  lequires  H  volume  of  oxygen  gas. '  Water 
is  formed,  and  a  quantity  of  sulpiuu  oiis  acid  gas, 
just  equal  to  the  .  volume  of  sulphuretted  hydro- 
gen gas,  consumed. 

This  combustion  is  sufficient  to  enable  us  to 
determine  the  compoaitioD  of  sulphuceUed  iiy- 
drogen  gas.  It  may  be  proper  to  mention,  in  the 
tint  place*  that  when  .suiphiiir  is  heated  in  .hyU«;o- 
gen  gas,  the  gas  is  partly  conveited  Jolatiflil- 
phurettedJiydrpgeQ  'f  but  no  alteration  whal^ver 
takes  place  ita  volume.  From  this  at  ia  evi- 
dent, that  a  volume  ,  of  sulphuretted  hydrogen 
gas  contains  jusi  a  volume  c^'  bydrogeagaft^  vi  . 

This  being  miderstood,  let  us  proceed  to-  ana- 
lyae  .the  composition  ot  tliis  gas  irom  its  combp^ 
tion  with  oxygen.  One  volume  of  it  jrofpiii^ 
li  volume  of  oxygen  gas,  and  lunas  water  and  a 
volume  of  sulpburbus  add  gas.  The  half  vol- 
ume of  oxygen  gas  went  to  the  formatioii  <rf*  wa- 
ter and  united  with  a  volume  of  hydrogen  gas: 
the  whole  volume  of  oxygen  must  haJtre  gone  to 
the  formation  of  sulphurous  acid,  and  it 
have  combined  with  a  volume  of  au^ilutf  v^s^^ur. 

Thus,  we  see  that  sulphuretted  hydwg^n  8^ 
is  a  compound 

1  volume  hydrogen  gas     \  j 
1  volume  sulphur  vapour  J 
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AM  we  obCatii  its  compondon  by  stitting  the 

'»fliclfie  ^vity  of  each  constituent,  for  it  must 
be  a  compound  of  .  • 

nJI     r.  . 

't  i:  I  ji         Hydrogen    ,  0'O$9^  oc  0*125 

I,   .     Svjph.ur        Muf  .  200Q     .       ^  , 

M805      2  125 

170  dtobtv  it  consists  of  on  atom  of  hydn^en 

'Uiilted-  to  an  atom  of  sulphur; — 0*1^  is  the 

'#dgbt-irf'tti  atom  of  hydrogen^  and  S  mu6t»Atomof 
Aerefore,  represent  the  atomic  ¥^eigiit  of  sul- 
phurl  '  •      •  , 

'  *  8.  We  iee  from  liie  composition  of  sulphdret- 

'ted  hydrogen  gas,  that  a  volume  of  sulphur  Va- 
poor  lfi'f^tthrident  to  an  atomy  anda  vQlame  of 

'^'dxygen  gas  is  equivalent  to  9  atoms,  Nov,  sul- 
pWouB  acid  gas  is  a  compound  of  1  volume 

'^s^pfaui^  vapour  and  1  volume  oxygen  gas  ;-^it  i8» 
'Aeretbi  e,  a  compound  of  1  atom  sulpliui  and  *i 

"Atoms  oxygen.   And^  since  an  atom  oi  sulphur  Atomic 

'Weighs  %  the  atonnc  ireight  of  sulfrfiufoufl  arid  TuT^iL^iu 

'         it  would  be  easy  to  show,  by  a  similar 

"  process  of  reasoning,  that  an  atom  of  hyposul- 
piltirottB  acid  weigi)s^« 

-  '>9iQe^^*the4itoiiii0'«eigfa(ls  of  sulphur  and  its 

add  compounds  are  as  ibUow^  * 

'  .t  ,  ,  WMMZtnr  or  ATOM.       .  ; 

Suipilur  a 
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Hyposul()huroiis  aad   •  .  «S    ■  u 

 6iilfhurou8  4cid,      «« .  •  i,   4           .,,f  ([oi> 

Snlphuricadd  .  ^,            ,  ^ 

Sulphuretted  hydrogen  .  ^ 

Hyposulpburm  Acid  is  a  ompouud  of  .1  at^  -i-  I  ^^^i^, 

^Sulphurous  •       .       .       .        I  +2^j 

Sulphuric  ....       1         -f  ^ 

BVnROGtff. 

8ul{ihiuiett»iJi>(irafeti  I    .  .       i«.  "  •  : 

  i'  '  *  I  J5"i''*.l|''il 

The  hyposulphuric  acid  of  Gay-Luasac  ia  formed^ 

bjr  tiie  union  ot  ati  integrant  particle  of  s^|p|nji-,{ 
rom^  and  sulphuric  acids  with  each  other ;  co^9^- . 
quently,  its  atomic  weight  is  9  ;  and  it  v{  ^a  cpm- 
pouad  of  ^  atoms  sulphur  with  5.  atoins.  pi^y^ , 

■ '       \         *         ■        '  ■  /  «» J»  .'1 

.  i  SECT.  VI. 

■  '  .   .   •  • 

Selenium  is  so  difficult  to  procure^  that  1  i^s&v, 
btoD  obUged  to  confine  my  expeiinamts  to  tevjrn 
minute  quantities ;  not  having  had  more  in  t&f^ 
possession  than  about  40  grahis^  whick  did  not^' 
put  it  in  my  power  to  obtain  satisfiictory  results 
For  the  investigation  of  its  atomic  weighty  •tfacci^ 
fore,  I  must  rely  almost  entirely  upon  the  expeiV'* 
iments  of  Berzelius*    Fortunately,  his  experi* 
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ments  in  general  are  made  uritb-flp^  mudb  preci- 
sion that  they  fuimsli  veiy  goocl  approxitiKilions. 

Selenium  forms  with  oxygen  an  acid,  which 
has  been  distinguished  by  the  name  of  selenic 
acid,  and  with  hydiogcii  a  gaseous  compound, 
wUch  has  been  called  seknietted  hydrogen  gas. 

h  Seleuic  acid  combines  with  most  bases  in 
two  pioporttonsi  and  with  a  considerable  number 
in  tliree  proportions,  forming  with  them,  salts 
distinguislied  by  the  names  ot  sekniateSy  bisekii' 
iifis^  and  quadrasdemates.  Two  seleniates  haVe* 
been  analyzed  by  BeizeJius  :  namely,  selcniate  qf^ 
mda,  slid  sekhiate  qf  barytes.   Let  m  dedace 

from  each  of  these  analyses,  the  atoiaic  weight 
erf' selenic  acid. 

(1.)  Seleniate  of  soda  does  not  crystalUsse  ^"aIx'^s  or 
readily,  tliough  it  may  be  made  to  deposite  crys-toda; 
talline  grains.   The  biseleniate  crystalHzea  more 
easily,  and  assumes  the  form  of  needles.  Ber- 
zehus  rendered  a  given  weight  of  each  of  these 
salts  anhydrous,   mixed  each  with  twice  its 
weigiit  of  sal-ammoniac,  and  applied  a  subliming 
heat  ;t  llieaeleoic  acid  was  aubltmed  and  deoon^' 
posed,  and  noUiing  remained  but  the  base  of 
each  salt*  united  to  muriatic  acid,  or  rather,  in 
the-atite  of  chloride  of  sodium.    ]00  parts  of 
seifeuiate  of'  soda  formsh^d  (iU^  parts  of  comoioii 
3aIt,:«i|uivAienl'to  85*55  soda.    Hence,  this,  sdt  t 
IS  composed  of  i  •  ■  ....  ; 
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'  8elenic  acid  '     64       or  7*^^ 
Soda  $6-&i  -»  '  1* 

100 

IPQ  .parts  of  biselenia^  (anhydcQUS,  but  deprived 
^Iso.of  a  little  of  the  acid)  wb^n  treated  i^  ^th^, 
same  way,  yielded  41?  parts  of  commou  salt, 
equiyal^at  to  parts  ^da.*.  ^^IfL&nc^fl]^, 
constituents  of  the  salt  are 

« 

Selenicacid      77*77    or  14 
Soda  ^ft*9i    -     4  ' 


106  18 

'It  is  obvious  that  tile  first  of  these  two  salts 
irtntaitis  one  at6m,  and  the  second  tv^o  atbms  'rf 
selenic  acid,  united  to  an  atom  of  soda.  Bil! 
the  atomic  weight  of  selenic  acid  resolfing  ftdd 
the  two  analyses  does  not  quite  agree;  accaixl- 
ing  to  the  first  analysis  it  is  7^ ;  «lcedl:diitg  td 
the  second  7.  •        '       —  lu  /'^'o'l 

And  oleni-  '  Sdcniatc  of  barytes  is  insoluble  in  wateH 
«nd  can  only  be  obtained  iri  the  state  of  *af  urtfite 
powder.  But  biseleniate  of  barytes  is  solublb, 
Itnd  probably  contains  water  of 'crysftalfi^&ti6b;^^'^ 
*■  Two  parte  of  anfiydi'ous  seleniat^  of  barytdS 
dissolved  in  mnriatic  acid,  and  precipitated  by 
sulphuric  acid,  furnished  1'765  parts  6f  flfil^ratt 
of  barytes  equivalent  to  M(i57  parts  baO'tfei 
'  Hence,  the  salt  is  cbmpbsed  of    '         '  " 

"  '    •  •  Aim.  d«  Chin,  ct  de  Iliys.  tJi,  256. 

IS 
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Bftrytes       i  .  M657     -  $'75 

1^271  paits  of  anhydrous  biselcniate  of  barvtes 
U^ted  in  the  same  way,  yielded  785  parts  of 
siiiphate  of  barytes,  eqitivalent  to  518-9  parts  of 
bary tes.    Uence>  biseleniate  is  coaiposed  ol'  * 

• 

r 

SeleqiQacid      76S*l  or 
Barytes        .   516*9    -  9*75 

18710 

ApeoidiOg  to  the  twHt  of  the  analysiB*  of  sole- 

a*atcot  b^uytes,  Uie  atomic  weight  of  selcnic  acid 
if^fy^^.^jaii^GOfdxog  to  tlie  analysis  of  th&  .Uq^n 

iQuii^te,  it  is.7*^^-  •         -  . 

,  jYbough.  thfMse  results  do  not  accurately,  corrcs- 

pondMwith  each  other,  tliey,  upoatttie-  wh<^9. 

concur  iu  rendering  it  very  probable .  tliat  the 
ti9|a  |it^ipi  weight  .of  .  ael^iiicAcM.}fi7^  I  con« 
^i4er  the  analysis  of  seleisubto  :of  bavytes*  as  $ijs-' 
cpgtiWii  of  greiUer  precision  than  that  qd  the 
analysis  ,p^,  sel^ia^  .of  soda. .  Now, .  the.  atoii^jc 
>vcjgU^  qf  splenic  acid,  deduced  from  the  mean 

^f,,^f}ia^ll|i^t.ot^  seleoiate  a^d  bi^l^oiate  of 

whi^b  comes  Qxtreioelyii|ear 

^  I  may  state^h^e  a  few  attempts,  wlUchi  J  to  deter, 
iiiade  to  determine  the  atomic  weight  of  bclemc  ainmoi'sc- 

.  lenic  acid. 

•  Aon.  fk  Chiiu.  et  du  Phy».  XX.  262. 
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acid»  though  thejr  were  not  attended  with  the 

success  which  I  had  anticipated.  £1*63  grains 
of  crystallized  seieuic  acid  heated  till  they  be- 
gan to  sublime,  and  therefore  considered  as  an- 
hydrous, were  dissolved  in  water,  and  crystallized 
carbonate  of  soda  in  powder  was  added  by  small 
quantities  at  a  time,  till  the  liquid  began  to  give 
a  violet  colour  to  cudbear  paper.  43*43  grains 
of  the  carbonate  were  necessary  to  produce  this 
effect.  The  liquid  was  now  evaporated  to  dry- 
nes8»  and  the  dry  residuum  exposed  to  a  temper- 
ature of  about  6(Kf  on  the  sand  bath,  till  it  ceased 
to  give  out  moisture.  It  weighed  30*4  grains.  As 
it  contained  an  excess  of  soda,  the  salt  was 
again  dissolved  in  water,  and  a  few  drops  of  mu- 
riatic add  being  added,  the  whole  was  again 
evaporated  to  dryness.  It  now  weighed  32^ 
/grains^  and,  consequently,  had  increased  in 
weight  9«S66  grains. 

This  increase  of  weight  was  occasioned  by  tlie 
union  of  the  muriatic  acid  with  the  surplus  soda. 
No  elFervescence  could  be  perceived,  so  that  I 
had  no  evidence  that  any  caibonic  acid  had  been 
driven  off.  The  salt  having  been  exposed  to  heal; 
it  is  obvious,  that  the  common  salt  was  converted 
into  chloride  of  sodium.  The  simplest  way  of 
determiiiiiiu  its  quantity,  will  be  to  consider  it  a 
compound  oi  3*6  muriatic  acid  and  4  soda.  Now, 
3*5  :  4  :  :  2*1^66  (the  augmentation  of  weight)  : 
^2'5i)  ~  soda  in  the  common  salt.    The  comiiiou 
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ialitheii  amounted  to  4*856  grains ;  this  subtract- 
ed from  92*666 leaves  127*816  grains  of  biseleoiste 
of  soda.  Now,  it  contains  €1-68  grains  oi  selenic 
add.  Henc^  biseleniate  of  soda  is  composed  of 

Sdenic  acid  !21*6S  or  14 
Soda  6-IS     -  4 

87-61 

Ibis  experiment  gave  theretbre  7  ^or  the  atomic 
leight  of  selenic  add*  But  1  consider  this  as 
mely  an  accidental  circumstance,  because,  on 
npeating  it  a  second  tune^  the  biseleniate  was 

found  a  compound  of 

Skkxuc  acid 

Soda  4 

Tiu^  would  reduce  the  atomic  weight  of  selenic 
^  to  6-176.  But  this  mode  of  experimeiiting 
not  susceptible  of  the  requisite  degree  of  pre- 
Qsoa  fi>r  deciding  so  delicate  a  pmnt  Every 
^  liie  salt  was  evaporated  to  dryness,  a  little 
adeimim  was  separated,  which  preyeftted  tiie 
fmtitjr  of  salt  from  lemainiog  quite  perma- 

I  attempted  to  determine  the  atomic  weight 

rftdenic  acid,  by  precipitating  it  liuin  sulLiiiate 
^  soda,  by  means  of  muriate  of  barytes.  But 
pfedpitation  produced  by  this  salt  is  only 
J  ditial— a  poition  of  selenic  acid  remaimng  10 
button  even  after .  a  considerable  excess  of 
■ittriate  of  barytes  had  been  added. 

^'»u  I.  p 
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Foiled  in  all  these  attempts,  it  would  have 
been  l  equiaSte  ih  order  to  determine  the  atomic 
weight  of  this  acid,  to  have  had  recourse  to  the 
direct  analysis  of  sotne  of  the  seleniates.  But, 
besides  that  my  fitock  of  acid  was  exhausted,  I 
had  no  reason  to  expect  more  accurate  results 
from  such  an  analysis,  than  those  already  ob- 
tamed  by  Berzelius. 

Upon  the  whole,  I  have  liftte .^ej^i^tion  > 
*  fixing  upon  7  as  the  true  atomic  W.?ight:,of  .J^fis 
acid*  - 

composi-  ^.  The  experiments  made  by  Berzelius, on^ 
lenietted  hydrogen  gas,  will  enable  us^asily  to 

""'"^  determine  the  atomic  weight  of  selenium,  from 
wliich  the  composition  of  seleiuc  acid  may  be 

directly  deduced. 

This  gas  is  colourless,  has  a  smell  somewhat 
.  similar  to  that  of , sulphuretted  hydrogen  gas,  is 
very  soluble  in  water,  reddens  vegetable  blues, 
and  precipitates  metala  from  their  solutions..  To 
ascertain  its  comtituents,  BerzeUus  p^^^  ^ 
current  of  it  through  a  solution  of  acetate  ot 
silver ;  seleniet  of  silver  was  precipitated,  which 
weighed  when  dry  1*888  parts.  This  selemet 
he  dissolved  in  nitiic  acid,  and  threw  the  som- 
tion,  while  boiling  hot,  into  muriatic 
this  contrivance,  the  seleniet  was  decomposed, 
and  the  silver  thrown  down  in  the  sUte  of 
^'  Vide  of  silver.  The  cH6rid€»  ^m-^tA^^^ 
Weighed  1-844.   Now,  chloride  o4^  silver  «  a 
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compound  of  1  atom  chlorine  =  h'd^  and  1  atom 
ttlrar  =  IQ'^S  ;rT-60  that  18-^  grains  of  it  con- 
tain 13'75  grains  of  silver:  consequently,  1*844 
{Kurts  of  this  chloride  must  consist  of 

Chlorine  0'4.5-t6 
Slim  1*3804 


Now,  this  1*3894  of  silver  ctmstitnled  one  of 

the  constituents  of  the  1*888  parts  of  seleniet  of 
aUver  the  only  other  constituent  was  the  se- 
lenium :  consequently,  seleniet  of  silver  is  coin- 
posed  of 

Silw  or  1S*75 

"  Selenium      0-4986       -  4-9343 


:*  Hut    .  1*8880 

13*9^  Mng  the  atomic  weiglit  of  silv«r»  4«9Md 

ijDust  represent  the  atomic  weight  of  selenium, 
,  The  silver  in  the  acetate,  throu^  which  the 
seiemetted  hydroj^en  gas  was  passed,  was  in  the 
(>tate  at  an  oxide  composed  of 

hit{-j|.jj,   ,^,.  ]      1  atom  »Uvec  =13-75 
iiU  jfir  w  1  •  J  *^  oKjgen  »  1  . 

I  14-75 

'■•>''« I  . 

('Bbt  in  t^e  seleniet  it  was  in  the  metallic  state : 
th^i  jr^asou.was,  that  tlie  seleuiettad  hydrqgen 
»d.tbe,o:i^ide.,pf  silver,  had  mutually  decom- 

P9 
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posed  each  other.  The  hydrogen  of  the  gas  had 
united  to  the  oxygen  of  the  oxide»  and  formed 
water^while  the  selenium  and  the  silver  combin- 
ing together,  formed  the  seleniet  of  that  metal. 
Seleniet  of  silver  being  a  compound  of  1  atom 
silver  and  1  atom  selenium,  and  \v  ater  of  1  atom 
oxygen  and  1  atom  hydrogen,  it  is  evident,  that 
selenietted  hydrogen  must  be  a  compound  of  1 
atom  hydrogen  and  1  atom  selenium.  Its  con- 
stituents, then,  from  the  preceding  analysis,  must 
be 

Selenium  4-9343 
Hydrogen  0*123 

But  if  7  be  the  atomic  weight  ot  selenic  acid,  it 
is  obvious  that  the  atomic  weight  of  selenium 

must,  in  fact,  be  .7  instead  of  j  for  sele- 

nic acid  must  be  a  compound  of 

%  atoms  oxygen ; 

And  its  weight  could  not  be  7,  unless  die  weight 

of  selenium  were  5, 

The  true  composition  of  selenietted  hydro* 
gen,  then,  must  be 

Selenium      5       or  40 

Hydrogen     0-125   -  1 

And  the  atomic  weight  of  this  gas  must  be 
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It  will  be  shown  in  the  next  chapter,  that  Uie 

specific  gravity  of  most  of  the  gases  is  obtained 

• 

by  multipiyitig  their  atomic  weightii  by  0*55d5t 
or  half  the  specific  gravity  of  oxygen  gas«  Now, 
0-125  X  0-5555  =«  2-8522*,  which  must  be  the 
specific  gravity  of  aelenietted  hydrogen  gas. 

SECT.  VIL 

OF  THE  ATOMIC  WEIGHT  OF  ARSENIC. 

Adsekic  has  tiie  property  of  combining  with,  at 
\mU  two  proportions  of  oxygen,  and  of  forming 
t9fo  well  known  and  very  poisonous  compounds, 
distinguished  by  the  names  of  arsenious  and  or- 
f(ric  acids.  It  unites,  likewise,  with  hydrogen  gas, 
and  forms  a  gaseous  compound,  the  properties  of 
tiuch  have  been  but  imperfectly  investigated. 
An  examiiiatioa  of  the  acids  of  arsenic  will  en- 
able us  to  determine  the  true  atomic  weight  of 
this  substance. 

L  Arsenic  acid  is  easily  obtained,  by  dissolv-  Aunnic 
iog  white  arsenic  in  nitric  acid,  mixed  with  all^c 
small  quantity  of  amriatic  acid,  aiid  evapuiating 
^  solution  to  dryness.  It  is  a  white  matter, 
soluble  in  water ;  and  the  aqueous  solution  has 
a  very  sour  taste.  With  most  of  the  metallic 
oxides  it  forms  compounds,  insoluble  in  water ; 
but  easily  soluble  in  nitric  acid } — with  ammonia, 
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potash,  and  soda,  it  unites  in  two  propoi  tions, 
and  fonns  soluble  compounds  with  each.  Bi- 
iiarseoiatesof  potarh  and  soda  crystallize  readily 
— ^the  fonner  in  four  sided  prisms— the  latter 
in  rhomboids.  Binarseniate  of  soda  contains 
rather  more  tiian  20  per  cent,  of  water,  being 
composed  of 

S  atoms  araenic  add  —  15*5 
1  atom  soda  =  4rO 

5  atoms  water     .       »  5*625 


as  I  ascertained  by  a  careiul  analysis.*  Wlien 
this  ^aalt  is  heated  to  about  diXf^  it  loses  tbe 
wlioic  of  its  water  of  crvstallization,  melting  at 
first  into  a  liquid,  and  then  falling  down  in  the 
state  of  a  white  powder*  At  a  red  heat  this 
powder  melts  into  a  transparent  liquid,  wbicu  is 
quite  anhydrous. 

Ifw  c  atUl  18  grains  of  crystallized  carbonate 
of  sod^  to  a  solution  of  grains  of  crystals 

of  binarseniate  of  soda,  and  agitate  the  mixture 
till  the  whole  soda  be  dissolved,  and  till  the  car- 
bonic acid  has  made  its  escape,  the  Uquid  will  be 
foimd  incapable  of  reddening  ^'egL't;^!)Ie  blOes* 
Now,  18  grains  of  carbonate  oi  soda  contain  just 
4  grains  of  soda,  which  is  equivalent  to  an  atom. 

•  Or  nrtbenjnthoia.  The  tipwimait,  utacfah  ^ianmilwii^  '"fT 
it  |Nrovei  the  inaccuracy  of  Benwluis's  of^uom  laptdiqg  (he  copipo**** 
off  tl^ edd,  «m  be  given  at  brge  in  chapter  XVIII.  of  thb 
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It  is  evident,  from  this,  that  the  rhomboidal  crys- 
tals contain  two  atoms  of  arsenic  acid  united  to 
I  atom  of  soda  ^  for  26'm5  grains  of  them  con- 
t^n  just  4  grains  of  soda,  which  is  equivalent  to 
an  atom. 

It  has  been  already  explained,  that  nitrsite'  of 
lea^  is  an  anhydrous  salt  composed  cff 


1  atom  nitric  acid  6-75 
1  atom  protoxide  of  lead  =14 

Consequently,  41  *5  grains  contain  grains  of 
prptoxide  o^  lead,  which  is  equivalent  to  2 

..atoms.  • 

10'5  grains  of  anhydrous  binarseniate  of  soda, 
9Dd41*5  grains  of  crystallized  nitrate  of  lead.  Were 
dissolved  in  separate  portions  of  distilled  water. 
Tjhe  solutions  being  mixed,  a  double  decomposi- 
tion took  place ;  the  aisenfc  Udd  and  ptotf^idde 
o{  lead  united  together,  and  precipitated  in  the 

^1  ^te  of  an  insoluble  arseniate.  *The  dekif  trans- 
parent colourless  liquid  remaining,  after  this  salt 

.  had^ subsided,  reddened  vegetable  bluesy  but  it 
\yas  exactly  neutralized  by  the  addttiotr  of  18 
gjjiris  of  crystallized  carbonate  of  soda.  Tlie 

^S^uid  thus' neutralized  was  tested  bji^  sulphtttb  of 

,  ioda,  and  likewise  by  nitrate  'df  lead  ;  but'^  the 
solutions  of  neitlier  of  these  salts  {>^oduced  any 

'seatiUe  altoation;  showing  the  ab^epc^  both 
of  lead  and  arsenic  acid.  •  '  •  "  •  •  •  • . !. 
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Now,  it  i3  evident  irom  tliis  experiment,  that 
19*5  grains  of  anhydrous  binarseniate  of  soda 

coutam  exactly  4  grains  oi  30(ia  i — for  the  13*5 
grains  of  nitric  acid  in  41*5  grains  of  nitrate  of 
lead  require  8  grains  of  soda  to  neutralize  them. 
To  accomplish  this  neutralization^  (alter  the 
oxide  of  lead  had  been  s^rarated)  it  was  neces- 
sary to  add  only  18  grains  of"  carbonate,  contain- 
ing 4  grains  of  soda ;  consequently,  4  grains  had 
been  already  combined  with  it,  and  these  4 
grains  could  only  have  been  derived  from  the 
binarseniate  of  soda.  19*5  grains  of  anhydrous 
binarseniate  of  soda,  then,  are  composed  of 

Araenic  acid  15*5 

ft 

Soda  40 
19-5 

These  15*5  grams  of  arseinc  acid  neutralized  ^ 
grains  of  protoxide  of  lead,  which  are  equivalent 
to  2  atoms  ;  consequently,  lo-o  grains  of  arsenic 
add  must  be  equivalent  to  ^  atoms.  Thus,  we 
see  that  the  atomic  weight  of  arsenic  acid  is  7'7'^« 
composi.  2»  Let  us  now  investigate  the  constitution  oi  this 
■eaicadd.  acid.— Into  a  small  green  glass  retort,  psreviously 
weighed  and  the  weight  marked  upon  it  with  a 
diamond,  4*76  grains  of  clean  metallic  arsenic 
were  introduced,  and  about  an  ounce  of  rather 
stromg  nitric  acid  was  })oured  over  it*  A  moder- 
ate heat  being  ai)pHed,  the  arsenic  dissolved  with 
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eflferversceuce.  As  soon  as  the  solution  wa^i  com- 
|ileted,  a  recaver  was  attached  to  the  ietort» 
the  whole  nitric  acid  was  not  only  distilled  off, 
but  the  heat  waa  cooxtiiiiied  till  the  inside  of  the 
retort  had  become  quite  dry.  By  this  process^ 
the  arsenic  had  been  converted  into  arsenic  acid, 
and  its  weight  was  exactly  7*7^  gnuns. 

From  this  experiment  it  is  obviouSi  that  ar- 
tt&ic  actd  is  a  compoimd  of 

Araenic  4*75 

Oxygen  3 


7-75 


from  this  it  appears,  that  the  atomic  weight  of  '^'!  ^^-^ 
arsenic  is  4*7^,  and  that  arsenic  acid  is  a  com*  unemc 
pound  of  1  atom  arsenic  and  3  atoms  oxygen. 

3.  Let  us  now  investiirate  the  atomic  weight 
of  arsenious  acid. — This  is  the  substance  known,  ars^mous 
in  common  language,  by  the  name  of  white  or- 
ipwic.  It  reddens  vegetable  blues,  dissolves  in 
water,  and  unites  to  bases  \  though  it  does  not 
seem  capable  of  neutralizing  them.  But  the 
aiuuiic  weight,  and  tlie  composition  of  this 
acid,  is  rendered  evident  by  the  following  sim- 
ple and  easy  experimciU. 

grains  of  pure  arsenious  acid  were  put 
into  a  small  retort»  the  weight  of  which  had 
been  previously  determined;  and  there  was 
poured  over  it,  about  an  ounce  of  a  mixture  of 
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12  parts  lutric  acid  of  the  specific  gravity  I'^i 
md  1  pait  of  muriatic  acid  of  the  speoiiBc  gra- 
vity 1-2.  The  retort  being  exposed  to  a  mod^- 
ate  bcat»  the  arsenioua  acid  wa«.  soon  diasolvied 
with  eflbrvesccnce ;  but  the  heat  was >oolitiBii0d 
till  all  the  liquid  portion  was  distilled  over  mtu 
the  receiver,  and  till  the  interior-  suiiw^  of  the 

retort  had  become  quite  dry.  The  best  way  of 
drying  the  retort  is  to  put  it  oa  the  aaod*  baUi» 
and  to  cover  the  whole  of  it  except  the  extremily 
of  the  beak,  with  sand  of  a  temperature  between 
5(Xf  and  60(f,  and  keep  it  id  this  siluatim  fi>r 
several  hours.  By  this  process  the  afsenious 
acid  was  converted  into  arsenic  acid*  and  its 
•  weight  was  found  to  be  exactly  7*7^  grains. 

From  this  experiment  it  is  evident,  that  arse- 
nious  add  contains  one  atom  of  oxygen  less  than 
arsenic  acid.  Consequently,  its  atomic  weight 
is  6*75 1  and  it  is  a  compound  of  one  atom  ar- 
senic, and  two  atoms  oxygen* 

From  the  preceding  investigation  it  is  obvious, 
that  an  atom  of  arsenic  weighs  4r7^»  ^^^^ 
the  constitution  and  atomic  weights  of  the  acids 
of  arsenic  are  as  follows ; 

AfMiuoog  add  of       1  atom  ^  Saiom  6*75 

Arsumc  acid    -       -  1         ^  3  -  7*7^ 

■ 

So  that  the  constitution  of  these  acids  is  the 

same  as  that  of  sulphurous  and  sulphuric  acids. 
It  is  exceedingly  probable  that  there  eldstfl 
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an  oxide  ol  ^u^tuc,  composed  of  one  atom  ai:se- 
nhf  artd'  one  atom  oxygen,  and,  cottsequeolly, 
tr^hing  5'75*  When  very  thin  crubts  of  me- 
taliic  arsetiic  are  exposed' to  the  mt^  they  soon 

lose  their  metallic  lustre,  and  crumble  into  a 
black  powder.  Thifi  blatik  powder  is  probably 
the  oxide  f n  qtieation ;  but  it  has  not  been*  paiti- 
cuiariy  examined  by  modern  chemists.  lieu  I 
Ills  ootepied  with  the  eyperimcntftielatediQ-this 
section,  I  made  some  attempts  to  investigate  its 
eoffipoBition»  but  they  were  not  successful,  and 
I  huve  not  again  bad  leisure  to  resume  them« 

5.  Arsenic  has  the  property,  likewise,  of  com-  Arsenieited 
biilhig  with  hydrogen  gas,  and'of  formicg  a  gase-^^^*^ 
ous  compound,  which  was  first  discovered  by 
Scheel^  but  has  never  yet  been  obtained  in  a 
•<#*te  of  pmity.  From  our  knowledge  of  the 
constitution  of  the  other  compounds  of  the  com-* 
fcitttibte  sttbstences  with  hydrogen  gas,  however, 
there  can  be  no  difficulty  in  stating  its  leading 
'  ptoperties  from  theory. 

It  is  probably  a  compound  of  one  :itoin  arsenic 
and  one  atom,  hydrogen,  and,  cousequentlyy  •  its 
atomic  weight  must  be  4*875* 

iVom  the  analogy  of  tlie  otiier  gaseous  com- 
pounds of  hydrogen  and  a  combustible,  there 
seems  little  doubt  that  it  as  a  compound  of 
1  totnite  sMehic  vspour  f 
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State  by  multiplying  its  atomic  weight  by  0'5556. 
Now,  4*875  X  0*5555  «  «7083  «  specific  gra- 
vity of  arsenietted  hydrogen  gas. 

The  specific  gravity  of  arsenic  vapour  ought 
to  be  ^-6888. 

One  volume  ot  aisenietted  hydrogen  gas  will 
require  for  complete  combustion,  either  1  *5  voU 
ume,  or  two  volumes  of  oxygen  gas.  In  the  first 
case,  water  and  arsenious  acid,  and  in  the  second 
case,  water  and  arsenic  acid  will  be  formed. 

SECT.  VIll. 

OF  THE  ATOMIC  WEIGHT  OF  TELLURIUM. 

The  atomic  weights  of  all  the  acidifiable  coni^'^ 

bustibles  have  now  been  investigated,  except  of 
tellurium,  which  is  so  scarce  a  substance,  that  1 
have  never  had  it  in  my  power  to  make  any  ex* 
penments  upon  it.  But  Berzelius  has  deter- 
mined the  composition  of  its  oxide  with  his 
usual  accuracy*  We  may  therei'ore  take  advan- 
tage of  his  experiments  to  complete  the  series  of 
t]ie  atomic  weights  of  all  the  simple  acidifiable 
combustibles. 

According  to  Berzelius,  tellurium  unites  with 
only  one  dose  of  oxygen,  and  ibriris  an  oxide 
which  has  the  curious  property  of  forming  neu<- 
tral  salts,  botli  with  oxides  and  acids — so  that 
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it  possesses  at  once  the  characters  of  an  acid  and 
an  alkali.  Davy  discovered  that  it  forma  a  gas 
with  hydrc^en,  similar  in  its  properties  to  sul- 
phuretted, phosphuretied,  selenietted,  and  arae- 
nietted  hydrogen  gases.  But  no  experiments 
have  been  made  to  determine  the  specific  gra- 
vity or  compoaition  of  this  ga& 

1.  fierzelius  made  two  analytical  experiments, 
firom  which  the  atomic  weight  of  tellurium  may 
be  deduced. 

(1.)  He  found  that  100  parts  ot  tellurium  be- 
came  1M*8  parts  of  oxide ;  hence,  oxide  of  teU  ^ 

lurium  is  a  compound  of 

Tellunum       100    or  4032 
Oxygen  S4*8  -  1 

We  see  that  the  oxide  of  tellurium  is  a  com- 
pound of  one  atom  tellurium,  and  one  atom  ox- 
ygen. The  atomic  weight  of  tellurium  by  this 
experiment  is  4"03d|  or  rather  less  than  one  per 
cent,  more  than  4.  Now,  it  is  exceedingly  dif- 
ficult to  make  an  experiment  similar  to  the  one 
by  which  Berzelius  determined  the  composition 
of  oxide  ot  tellurium,  without  some  loss.  If  tlie 
loss  amounted  to  0%  which  is  no  more  than 
rhth  part  of  the  whole,  then  the  oxid^  of  tel- 
lurium is  composed  aa  follows : 

Tellurium  100    or  4 

Oxygen  25-1 
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Ami  the  atomic  weiglit  of  tellurium  ivitt  be  ex- 
actly 4,  and  that  of  the  oxide  5. 

BerzeUus  found  that  £01*5.  partf  of.  fiised 
telhiratc  of  lead  contained  just  the  same  weight 
ol  protoxide  of  lead,  which  1.57  parts  of  sulphate 
of  lead  do.*  But  157  parts  of  sulphate  of  lead  con- 
tain  115*681  parts  of  protoxide  (rfkad;  hence, 
it  foilowB^  that  teUorate  c£  lead  is  oompesed.of 

FMoxide  of  lead       115-6S4   or,  14 

Oxide  of  lellurium       85-815    -  '10  385 


^01*500 


To  reconcile  this  experiment  with  the  former, 
the  salt  analyzed  must  have  been  a  bitellurate, 
or  a  compound  of  two  atoms  oxide  of  tclluiium 
and  one  atom  protoxide  of  lead. 

The  atomic  weight  of  oxide  of  tellurimn  from 
tlie  above  analysis  is  5*1925. 

This  is  rather  higher  than  the  weight  deduced 
from  the  composition  oi  oxide  of  tellurium.  The 
former  experiment  being  much  simpler,  and  coo- 
sequently,  susceptible  of  greater  accuracy  than 
the  latter,  there  can  be  no  hesitation  in  pre- 
fening  it,  and,  consequently,  in  fixing  upon  4  as 
the  true  atuinic  weight  of  tellurium,  ando>  as  the 
atomic  weight  of  oxide  of  tellurium, 
bydJjSf  ^  ^®  deduce  the  specific  gravity  and 
constitution  oi  tellurctted  hydrogen  gas,  with  a 

•  Avnak  at  mkmoolin.  III. 
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great  deal  of  probability,  from  the  known  consti- 
tution of  the  other  similar  compounds.   If  it  be 

a  compound  of 

1  volume  tellurium  vapour  1       ,       -  . 

.    ,      .   ,  ^coadsnaeduito  1  TOlQidei 

i  volume  hydrogen  giis  J 

a»  is  the  case  with  all  the  others*  and  if  a  w- 
lame  of  drihuium  vapour  be  equiraleot  to  an 

atom,  then  tiie  atomic  weight  of  teliuietted  hy- 
drogen is  4*215,  and  its  specific  gravity  2'£9l6« 

One  volume  of  this  gas  will  require,  for  com- 
plete combustion,  one  volume  of  oxygen  gas, 
«— one  half  of  which  will  go  to  the  formation  of 
water,  and  the  oilier,  to  the  foimation  of  oxide 
of  tellurium. 
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CHAP.  VIL 


OP  THE  RELATION  BETWEEN  THE  ATOMIC 
WBIGUTS  AND  SPECIFIC  GRAVITIES  OF  GA- 
SEOUS BODIES. 

6at-Lus8AC»  in  a  paper  published  in  the  mcoad 
volume  of  the  M^moires  d'  Arcueil^  dsoKHifttratedt 
agoodoiBDy  yean  ago,  that  when  gaaes  com- 
bine with  each  other,  one  voUune  of  the  one  gas 
ttther  cambines  with  one  voluoie>  or  two  vo- 
hum,  or  three  yblumes  of  the  other.  Dr.  Pkoot, 
in  a  paper  inserted  in  the  sixth  volume  of  the 
Amab  itf  FkUowqd^^  firat  poiiited  out  the  con^ 
nection  ^vhich  existed  between  the  specilic  gra- 
vity and  the  atomic  weights  of  the  gaaaa ;  ud 
ifcowed  that,  in  general,  the  specific  gravity  is 
equal  to  the  atomic  weight  multiplied  by  half 
Iksipwific  gravity  of  oxygen  gas.  I  propose 
in  this  chapter  to  take  a  general  view  oi  the  re- 
ntal between  tlie  atomic  weights  and  the  spe- 
dfc'gffavities  of  all  the  known  gases. 

1.  la  the  pr^^cediiig  chapters  we  have  deter^ 
mmd  liieatDmic  weights  of  all  the  simple  bodies 
which  are  capable  of  assuaiuig  the  gaseous  form* 
Of  these  there  are..oaly..four«  which  aregasts 
k  Urn  udpombined  st^let-o^^these  are  Oxygen^ 
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Hydrogen,  Chlorine,  and  Azote.  There  aie 
seven  simple  bodies  which  are  capable  of  com* 
bining  with  hydrogen,  and  forming  ^\ith  it  a 
gaseous  compound  :-*-tliese  are  iodine,  carbon, 
phosphorus,  sulphur,  seleniuin,  arsenic,  and  tel- 
lurium. The  two  remauiiug  bodies,  boron  uud 
silicon,  enter  into  gaseous  combinalions  with  fluo- 
ric acid, — a  substance,  the  consideration  of  which 
is  deferred  till  a  future  chapter ;  though  the 
specific  gmTity  and  atomic  weights  of  the  ^ases 
wiU  be  inserted  in  the  ioliowing  tables,  for  the 
sake-  of  oompleting  the  series  of  gaseous  bodies* 
£.  We  have  seen  that  water  is  a  conipoiind  of 
fir  frnivity  OUC  volume  of  oxygen  gas,  and  two  volumes  of 
^tom  X  hydr(^n  gas  .  while,  from  the  proportion  in 

winch  hydrogen  combines  with  all  known  bodies, 
there -is  every  reason  to  consider  two  voluanes  of 
it  as  equivalent  to  an  atom ;  or  if  we  choose,  for 
the  sake  of  simplicitj,  to  i^preseot  an  atom  of 
Iiydi  ogen  by  a  volume  of  the  gas,  then  we  must 
represent  an  atom  of  oxygen  by  half  a  volume  of 
the  gao.  We  have  seen  that  chlorine  and  uo^ 
have  the  same  relation  between  their  attHfllc 
weights  and  their  volumes  that  hydrogen  ha*i 
this  is  the  case  also  with  iodine,  €«rboD,'^pliOS- 
phorus,  and  sulphur,  when  in  the  state  of  va- 
pour... The  relation  between  Ihe  atomic  weight 
and  the  volume  of  the  vapours  of  selenium, 
aenic,  and  tellurium,  has  not  yet  been  determin- 
ed by  experiment ;  but  there  seems  no  reason 
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to  henlile  about  exteoding  tbe  sam?  Iaw 

these  bodies  also. 

Thus  it  appears,  that  the  atomic  weight  of 
oxygen  is  obtained  by  dividing  the  specific  gra- 
vity oi  oxygen  gas  by  itself ;  for  =  1  j  but 
the  atomic  weights  of  the  other  gases  and  vapours 
are  obtained  by  dividing  the  specific  gravity  of 
the  gas  or  vapour  by  half  the  specific  gravity  of 

oxygen  gas,  or  0-5555.* 

The  speaiic  gravities  of  oxygen  gas,  iiydrogen  ^ 
gas,  chlorine  gas,  and  azotic  gas,  have  been  de- 
termined with  rigid  accuracy  iu  the  preceding 
cfaa{)ters.  The  knowledge  of  the  atomic  weights 

of  the  other  bodies  will  enable  us  to  determine 

the  speaiic  graviUes  of  the  vapours  and  gases 
of  wMch  they  constitute  parts,  wiA  eqtial  ac- 
curacy ;  for  we  obtain  these  speciiic  gravities  by 
multipljriiig  the  atomic  weights  by  0*5565* 

The  following  table  exhibits  the  atomic  weights 

*  T  mx:\  htu-iDj  point  out  to  the  reader,  that  the  reason  why  the  roultt. 
|»Titin  ot'  fhL  specific  gravity  of  the  gases  u  ^,  or  ^th  the  specific  gravity  of 
oxjgaa  gas  iitstcod  of  simply  \  and  ^th,  is,  that  the  specific  gravities  and 
the  atomic  w  eights  are  referred  to  difierent  standards.  The  specific  gravity 
of  atmoipbmc  air  is  reckoned  unity,  and  that  of  every  other  gas  is  referred 
to  it ;  but  the  atomic  weight  of  oxygen  being  unity,  and  that  of  all  the 
ociKr^ascs  refiared  to  it,  as  ftr  atomic  weights  are  concerned,  it  is  ob. 
vious  that  when  specific  gravities  are  to  be  converted  into  atomic  veigl)li» 
must  employ  for  our  dtinor  half  or  ^th  the  i^edflc  of  oxygen  gas,  in 
ortkr  to  change  one  system  into  the  other.  Ail  thia  troubl«  would  b« 
^art-d,  if  we  were  to  make  the  wpmBc  gaaity  of  oxygtn  gu  unitj,  a»  wdl 
ta  its  atomic  weight. ' 
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and  specific  gravities  of  all  the  gases  aud  v^pouiY 
coming  under  this  la#. 

L  Gases  whose  specific  gravi/i/  is  eqml  io^  the 
atomic  weighi  foutiipUed  by  X'llil*.. 


Oxjgen  gas 
FluosQicic  acid 


'atomic  wsuwt. 

1 

3-25 


spscinc  ckAVitT. 

Mili 
s'6in 


II.  Gases  and  vapours  whose  specific  gravity 
«  atomic  'weigfa  mulliplied  bjf  0'5d56. 

1.  8IMPLS  GASES  AND  VAPOURS. 


QiTbon  vapoar 

5  Phosphorus  vapour 
•  Azotic  g8« 
,  Sulphur  vapour 
TeUunum  vapour 
Chlorine  gag 
*  10  Arsenic  vapour 
Selenium  vapour 
Iodine  vapoor 


2.  HSroaOGEN,  COMBINED  WITW  A  SIBI^  .,1 
CaKbuietted  hydrogdtt      «      l  . '?  *i054^^ 

15  Sttbpbosplinretted  hydrogen     1-2$  , 

Bihyclroguret  of  phosphorus      175  . 
Sulpliurettefl  hy(lro«Tcn  2*12.5  v\S05 

Tellurettcd  hydrogen  '  *4-i2J»"' 

I  ,  ArserueCted ^ydfOgea  -       •  •  - '  -  MOSi'* 


0*185 

0H»R94 

0-75 

0*4166 

1-5 

175 

£  . 

4 

4*5 

4-75 

5 

15-5 

S-^aiX" 
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*  H.  'okVGEN,  COMBINED  WITH  A  SIMFLE  BASB. 

• 

ATOMIC  WIMMT. 

MOficaiAVf 
0*685 

CarbuTiic  omiIk  gad  • 

1-75 

0-9722 

Carbonic  acid  • 

2-75 

1*5277 

Proffl^ide  of  asote 

2-75 

1*5277 

9$. Nitric  idd  vapour 

6-75 

Sulphunras  add      >•  < 

4 

Sulphuric  acid  vapour  . 

5 

St'1777 

«           •  > 

4»  OTHEB  COMPOUB0  CUBES. 

Cyanogen       .       •  « 

1*8055 

Fluoboric  acid  • 

4-25 

2-361  i 

Jk)  Suipburet  of  carbon 

■       4  ■  7  5 

2*6S88 

.  iQUoKocarbonic  «oid 

6*25. 

The  specific  gravity  of  these  €9  gases  and  va- 
pours being  obtained  by  multiplying  the  atomic 
weights  of  each  by  0^5555^  or  half  the  specific 
gravity  of  oxygen,  it  is  obvious,  that  in  all  of 
them  B  volume  may  be  substituted  fpr  an  alom  i 
%  other  word%  the  specific  gravities  aiul  ato* 
flue  weights  of  all  of  them  bear  the  same  relation 
to  di^h  other.  In  oxygen  gas  and  fluosilicic 
acidy  on  tlie  contrary,  an  atom  is  represented  by 
batf  t'volume }  so  that,  in  the  first  set  of  *  gases, 
sttrtutae  contains  twice  as  many  atoms  as  ip  the 
sacbnd  set,  .       '  . 

There  axe  fijre  compound  ga^es,..whos?  ato- 
nuCiW$ights  and  specific  gravities  beai*  a  different  ci6c gravity 
idnkn  to  eaok  lolher  from  the  gBses  in  tlt«  pie^  ^ 

Q3 
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ceding  table.  The  compound  gases  m  tlie  pre- 
ceding table  may  be  considered  as  consisting  of 
a  volume,  or  a  determinate  number  of  volumes 
of  each  constituent,  so  condensed,  that  a  volume 
of  tlic  compound  gas  bears  the  same  i^lktionto 
a  volume  of  oxygen  gas,  as  a  volume  of  hydrogen 
gtfs  does  to  a  volume  of  oxygen  gas ;  but  tliere 
are  four  compound  gases»  which  consist  of  a  vo- 
lume of  each  of  the  constituents  united  togetheft 

without  any  conclensation  whatever.  Conse- 
quentiy,  their  specific  gravities,  instead  of  being 
equal  to  the  specific  gravities  of  all  their  consti- 
tuents added  together,  are  only  the  means  or  the 
spiecific  gravities  of  the  constituents*  In  reality, 
thereloie,  the  volumes  of  these  gases  mav  be 
considered  as  doubled,  with  reference  to  dieir 
atomic  weights.  These  gases  are  SttaotMk  ^ 
azote,  htfdroci/ank  acid  vapour^  muriatic  add, 
and  f^driodic  acid. 

(1.)  Deutoxide  of  azote  is  composed  of  1  vo- 
lume of  oxygen  gas,  and  I  vdume  of  lUKKio  gas» 
united  together,  without  any  alteration  df  vo- 
lume ^  hence  its  specific  gravity  i3  the  mean  of 
the  specific  gravities  of  oxygen  and  azotic 
or  1-0416. 

(^)  Hydrocyanic  acid,  muriatic  add,  and  hy^ 

driodic  acid,  aie  composed  respectively  of  one  vo- 
lume of  hydrogen  gas,  united  to  a  volume  of 
cyanoge  n,  chlorine,  and  iodiiie  vapour,  without 
any  condensation. 
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(a.)  The  constitsixtion  of  aaimomacal  ga$  is 
analagous  to  that  of  the  four  gaaes  just  mention- 
ed. It  is  composed  of  1  volume  of  azotic  gas, 
and  S  volumes  of  hydrogen  gas,  condensed  into 

two  volumes  j  so  that  its  specific  gravity,  insti  ad 
dL  being  equal  to  the  specific  gravity  of  azotic 

gas  added  to  tlirice  the  specific  gravity  of  h)^- 
drflgeo  gas,  is  only  halt  that  quantity,  or  0*59027 . 
Therefiire,  with  respect  to  its  atomic  weight,  its 
bulk  is  also  doubled. 
Erom  what  has  been  just  stated,  it  must  be 

obvious,  that  in  these  five  gases  the  specific  gra- 
vi^.wiU  he  obtomed  by  multiplying  the  atomic 
w^ht  xjf  each  by  or  ith  of  the  specific 

giavity  of  oxygen  gas« 

The  following  table  exhibits  the  atomic  weighU 
and  ^cific  gravities  of  these  gases  : 


Hydrocyanic  acid  vapour 
Dt^uUixide  of  azote 
25  Muriatic  acid 


ATOMIC  WnCVT. 

3-375 

3-  75 

4-  625 


0*590£f 

0-9375 


It  is  obvioas  that  a  volume  of  oxygen  gas  con- 
taii^  four  times  as  many  atoms  as  a  volume  of 
any  of  the^  five  gases.  When  we  compare  these 
tive  gases  with  each  other,  an  atom  maj(  be  sub* 
stituted  for  a  volume ;  but  when  we  compare 
them  with  the  ga^ses  in  the  pi  eceding  table,  two 
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iHihitiies  T^presdnt  an  a^om^  wliile  1  vdutfieiiif 
the^ooood  set<^gaseg<yQpgQseirts<ataKBP»  srhu4 

or  carbonic  4icid  with  1  atwii  of  aiti9ioiiiatfja«fi 

lumes  of  the  ammoniacal  iras.  •  '       "    »  f 

o 

Protoxide 

^""^19  difltee0t£rom'  that  of  both  tbe  fve»t&)g  seb 

rf  gases.  It  is  composed  (if  Da vj^s  experinaeuts 
be  aocmate)  of  4  volaam  ot'  dilorinef  and  itita» 
lumes  of  oxygen  gas,  condensed  into  5  vohimes. 
We  obtaiH  its  specific  gravily  bjr  adding  toplfaer 
ibtir  times  the  specific  gravity  oi'  cMofim'  gsis^ 
and  twice  tlie  specific  gravity  of  oj^yi^agai^  uiid 
dividing  tbe  sum  by  five ;  Ibis  gives  « 
for  the  specific  gravity  of  this  gas.  As  it  is  a 
compound  of  I  atom  cUorioe  and  1  .^teui  ei^c^ 

gen,  its  atomic  weight  is  obviously  5-5,  NoM 
die  specific  gravity  of  this  gas  is  obtained  by 
multiplying  its  atomic  weight  by  0*4444^  itriNcii 
is  ?ths  of  the  specific  gravity  of  oxygen  gas  j 

X  0^4444  ci>  £<4444.  The  reason  tbNl 
i^bvious  from  the  peculiar  condensation  "whidi 
tile  constituents  of  this  gas  undergo^  ii4ieiiotfaii^ 
dMibhfie.  '  '..f  /f fn  il 

oitffiast  5»  Oieiiant  gas  has  not  been  inserted  iQilie|V6- 
^  peding  tables ;  it  has  been  reserved  for  separate 
notice,  on  account  of  the  peculiarity,^^  i|;$  iia- 
ture*.  Its  specific  gravity  is  0'972,i,^ml^a%  is 
from' the  plienomena  (of  its  conifoH^tibn» 
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amVI^  '«Diln»^iof  oicboB  ^^fnpwat^  condensed 
miu>'oa^wol3mBBk^  Now»  as. in  those.  ^iva^bofjUi^ 
•iMiis  may  be  ftulnAiliittd       Tobmiei^odiis  gis 

is  obviously  a  compound  of  £  atoms  hydrogen, 
and  2  atoms  carbon«  Hence  its  «toiiiio  wo^bt 
ii  \^6  \  but  175  X  0-5555  »  0-978^  ;~6o  tbat 
tim  ^aa  coincides  with  tlie  compound  gases  m 


1 

f 

ed  ill  tlie  second  divi^on  oi'  Uiat  tablet  aftei^  c^t 
buoetted  bydrogoo. 
"But  <iie  singularity  of  this  substance,  ivhich  fe 
obviously  a  compound  of  1  atpm  bydfag&n  and 
ItBtoin  jcaibon^  is»  that  it  seems  capable  oi^ibi^ 
ing  a  variety  of  gases,  diflering  from  each  other 
»tbe  alunber  of  integrant  purticks  of  oMibuc^ 
oC'  hydrogen,  which  a  single  volume  .contaim^ 
j&ases  seem  to  exisl^  containing  1  intf^gu^^t  psuy 
ticU^^flintagitntpartides,  S  iotegrant  paj^deo^ 
i  integrant  paiiicles,  andii  integrant  poiticle^ 
(X  90iifi^  t)ioepecific  gi^vifsr  oi*  eiieh  .o£.ttie«^ 
gases  iviiU  be  different,  though  each  is  r^ulated 
ikyithe  hmMbif^  determioe^  the  sj^fic  gravir 
i^c&ditm  ecgttfKittBd  gase^  iii,tbe,aeeDQ4;tab)fE^ 

It  may  be  wortli  while  to  exhibit  the.  ^^VQ(¥9 

w^gbtsMd^sfMMfieigjear^   of  these  geKs.  ; 

'  ATOMIC  wuom;      fr.  otAfm. 

€ileiiiiMgfc*:>  7.<'''W'  »•  1-75      -  »  O-QTsi 
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ATOMIC  wiiasr.  m>.  sutnr. 

Sulphuric  ether  vapour,  containing 

4.  volumes       ....       3*5  .  1*9444 

Naphtha  vapour,  containuig  6  vols.      5'£5  .  2-9166 

The  only  one  of  these  five  gases  not  yet  de- 
tected 18  tiie  first.  Bnt  it  may  be  looked  for 
among  the  inflainmabie  gases  prodiv:ed  from  ve- 
getable bodiesi  or  from  ptt  coal. 


1 1 
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CHAP.  VilL 

OF  THB  ATOMIC  WEIGHTS  OF  THE  FIXED 

ALKALI£S  AND  ALhJid^iNJt.  ^AETH^ 

The  atomic  weights  of  the  simple  bodies  which 

constitute  the  bases  of  the  acids,  have  been  de- 
termined in  the  preceding  chapters.  I  propose 
in  the  five  following  chapters  to  investigate  the 
atomic  weights  of  the  bases  of  the  alkaline 
bodies»  including  under  the  term  alka&f  all  bases 
which  are  capable  of  neutralizing  acids. 

The  substances  usually  distinguished  by  Uie 
name  of  Jixed  alkoBes  and  aUcaUne  eartlis^  are 

1  PoUah         4  Barytes         7  Mi^giteaui 

2  Socla  5  Strontian 
5  Lithia  6  Lime 

» 

Sir  H,  Davy  first  sliowetl  that  these  bodies  are 
compounds  of  oxygen,  with  certain  white 
coloured  solid  metals,  which  have  so  strong  an 
affinity  for  oxygen  that  they  can  with  difficulty 
be  preserved  in  the  metallic  state.  Indeed,  if 
we  except  potassium  and  sodium,  the  remainder, 
as  fiir  as  utility  is  concerned,  may  be  considered 
as  still  unknown ;  for  they  cannot  lie  procured 
in  such  quantities  as  to  be  susceptible  of  useful 
applications.    The  fixed  alkalies  and  alkaline 


SffS    FIXED  ALKIHflES  ANI^  AlMAUm  EABTH8. 


tttitluk  00  the  omtnory,  vAadt  OKMiedtiil&  tha 

omks  of  these  metallic  bases,  are  in  coolant 
use*  and  omatitiite  some  of  the  most  impovt&tit 

substances  known  to  the  chemist.  The  y  are  the 
baaes  of  the  most  common  and  uaeliil  saits.  and 
ail  accurate  knowledge  of  their  atomic  weights 
is  of  the  utmost  consequence  to  the  progress  of 
the  science.  The  principal  part  of  our  attentiiia 
will,  therefore,  be  bestowed  on  the  investigatioii 
of  the  atomic  weigiits  oi  these  alkaline  com^ 
pounds  The  knowledge  of  the  atomic  weigibti 

of  the  bases  \\  ill  iblluvv  as  a  kind  of  corollary 

irom  that  oi  tlieir  compounda* 

SECT.  L  . . 

pf.XJUf  ATOMIC  WEIOJUT  OF  POXAS^  AUP 

FOTAasrUM.  ^ '  q 

^mRE  afe.  two  salt^  of  potash*  wlmkt  <wh^ 
properly  prq^arejd^  are  destitute,  of 
consist  respectively  of  water  ui^ted .  to  .iMXric 
i^f}i  j^  ^i^iphuric.acid..  Tbe^  ^e^^jf^tfSft^fOf 
potash,  and  sulphate  of  potash.  .  •  vf 

Anmiysbof  1.  Nitiatc  of  pot^^h  crystalliaj^  in  six-^W^d 
pocMiv    piismSf  terminated  by  9KC:aid^  |)yi;aaHd^»  .Wib«9 

kept  ltd  hot,  the  uiuic  acid  is  gradually  ilitJ^ip*' 
,^A..aft4         PPWh  iiena|aw?.(l>^*wl--iji<iW«^ 
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BliAeit^roellq)08^tHm  of  ssdtpclro ;  for  tke  ktta  ctf 
weigliti would  indicate  the  quantity lofnitfic  sieic^ 
wiule  tlie  residuaLmatteriia  the  crudble  would 
bditbtt  potash  ;^«aBd;if  iwe*  werepoBtessedi  «f 'fltty 

H»el  upon  which  red  hot  saltpetre  would  not 
ad^  and  ifiifiotasb  mro  ahsolutrij  fixed  in-tbo 
iKf  tiis  nrefebod  would  be  a  good  one  ;*<^bill  i 
hmte. ualbma  sLbie  to  obtain  soliafactory  resuiUs 
l»ftilQ0()mpo9iag;tliis8altby.hbat  l^eprooM; 
which  answered  best,  was  to  triturate  a  given 
wtigjiAiidiMakpebte  vritk  twice  as  miich  ailiflown 
saafl^'flDd  t  to  fuse  the  mixture  in  a  platinum 
crucible.  When  i^'Tf^  grains  of  saltpetre  wejpe 
employed,  the  loss  of  weight  approached  very 
near  6*75  grains,  though  it  always  somewhat 
exceeded  that  quantity* '  « 

^  Sulphate  of  potash  affords  an  easy  method  y^p}|^ 
ot  determining  the  atomic  weight  of  potash  with 
precision.  Before  refanin^  the  experiment  by 
which  this  object  was  attained,  it  may  be  pro- 
per 1x>  remind  the  reader  that  the  atomic  weight 
if^aull^rtc  Acid  is  5 ;  and  that  18-^  grains  o£ 
eidolide  ot  barium  yield  a  quantity  of  barytei 

jttsf^ttti^te^df  neuttelizitig  5  graim  c)f  stH^Utfiite 

acid.  '    '  '        '  ^*  *'  ^ 

^^^^M  'graitts  sulpfaatei  <rf  potash,  and  13*«5 
grtlitt  of  *^Hde  of  ba  riLim,  %vere  dissolved  in 
separAe  'bdrtlons  of  distilled  water.  The  two 
«ltotlibis4lMht?  hitM0;'tf  doi/ble  dMbifapbskidh 
took  ptace^-and  sulphate  of  barytes  precipitiJtW 
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in  the  State  of  a  white  iMfwder.  The  liquid,  after 
it  bad  recovered  its  transparency  from  the  co» 
plete  subsideaoe  of  this  precipitate^  was  tested 
by  sulphate  oi  soda  and  muriate  of  barytes  ;  but 
aeither  c^'  these  reagents  produced  the  least 
muddinesB  or  opalescence,  showing  that  tiie 
liquid  contained  neither  barytes  nor  sulphuric 
acid.  fVom  this  experiment  it  is  evident^  that 
tile  sulphuric  add  in  11  grains  of  sulphate  of 
potash,  just  saturates  the  barytes  from  13*^ 
gratos  of'  ehloride  of  bariQin.  CSoaaequeady*  it 
amounts  to  exactly  5  grains.  So  that  sulphate 
of  potash  must  be  a  compound  of 

Sulphuric  add  ^ 
Potash  .  6 


11 

Atomic         9ince  the  salt  is  neutraL  and  since  5  is  the 

wwglit  of  ' 


weight  of  an  integrant  particle  of  sulphuric  acid, 
it  i^  plain  that  0  must  be  the  weight  of  an  int^ 
grant  particle  of  potash. 
Ofpot»-  3.  The  atomic  weight  of  potash  being  known, 
it  is  easy  from  the  pxperiments  made  on  potas- 
mum  to  determine  the  atomic  weight  of  that 
metal.  From  the  experiments  of  Gay-Luss^ 
and  Thenard»  it  appean  thai  wiien  iOQ  grains  of 
potassium  are  put  into  water,  the  metal  combioss 
with  the  oxygen  of  that  liquid,  and  is  oonvertoi 
into  potash)  while  the  hjdniigeii  gas-  evalwl 
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measures  1  lC-38  cubic  iociies.  Thi^  experiment 
ms  nude  by  plunging^  givra  bulk  of  potaBBinm 
into  water,  and  inferring  the  weight  from  the 
koowu  voiume  wd  fipecitic  gravity  of  this  metaL 
I  have  repeated  it  several  times,  employing 
various  contrivances  to  enable  me  to  weigh  the 
potatttom;  but  I  was  unable  to  obtain  better 
Faults  than  those  of  the  French  chemists.  I 
abaU  tberefore  employ  them»  as  they  are  amply 
mficient  for  the  object  I  have  in  view. 

The  oxygen  gas^  which  must  have  united 
wth  the  100  grains  of  potasnum,  mutt  have 
amouiued  to  ^  =  58'19  cubic  inches;  the 
weight  of  which  is  197^  grains.  So  that  potash, 
according  to  these  experiments  of  the  French 
cheoiistSy  is  composed  of 

Potassium      100         or  5-121 
Oxygen         19*72    -  J 

The  weight  oi  an  atom  of  pota$h»  according  to 
this  experiment^  is  6*121,  and  it  ia  a  compound 
of  one  atom  potassium  =  and  one  atom 

ettfgem'  Mow,  it  ia  obvious,  that  this  atomic 

weight  of  potasli  is  a  little  too  high  ;  it  should 
have  been  6,  and  not  The  reason  un- 

'denlitedlf  ia,  liiat  the  hydrogen  gas  evolved  waa 
a  little  below  the  true  quantity.  Whoever  will 
tdm  the  trouble  to  repeat  the  expeiimait,  will 
'beat  no  lojis  to  account  for  this  deficiency. 
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Berzelius  took  another  method  of  determining 
the  cmnpoiirkip.  of  fokulsu  He  plaodd  « 
tity  oC  amlgMn  ef  pntiwinm  in  wleri  Ae 
amalgam  was  ^speedily  decomposed,  the  potai- 
eium  being  converted  into  potash,  and  durnhnng 
in  the  water,  while  the  running  mercury  re- 
maiued  behind.  The  polaah  thua  fon»ed  was 
saturated  with  muriatic  acid,  the  liquid  etapa- 
rated  to  dryness,  and  the  residual  salt  weiighed. 
The  difference  between  the  weight  of  the  attd- 
gam  and  of  the  running  mercury  remaining, 
gave  the  weight  of  the  potassium ;  while  tiie 
weight  of  the  muriate  of  potash  formed,  fiv» 
nished  the  data  for  determining  the  weight  of 
the  potash.  It  is  obvious,  that  the  ^liisffeeeB 
between  the  weight  of  the  potassium  and  tlie 
potash,  was  the  quantity  of  oxygen  with  whidi 
the  potassium  had  combined.  This  experimsnt 
gave  the  constituents  of  potash  as  follows : 

Potasaium       100      or  4^9 
Oxygen  2045   -  l 

5*6S9 

According  to  this  experiment,  an  atom  of  pe* 
tasBum  weighs  4>«89,  and  an  integrant  partids 

of  potash  5-889.  This  determination  is  a  litdt 
below  the  truth,  while  that  of  the  FtmA  dm- 

mists  is  a  little  above  it. 

The  mean  of  the  two  gives  6*005  ibr  the 
atomic  weight  of  potasituos.   The  true  weighl 
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is  undoubtedly  ^  I  and  potash  is>  a  eampound  of 

eofiseqimitiyy  its  atomic  weight  is  6,  as  we  found 
ibtn^be  by  the  ex|ieciiiient  related  near  the  be>> 

4.  Potassium  combines  with  an  additional  dose  i* 

dhmiy§m,'  and  fonm*"*  90M  yelkiw  eobetenite,  ^ 
iilMe»lMiffMrifOd'  the  MttKli' '  off  '^peroxide  of 
p^aseiuHi.  '  From  the  expehmeuts  of  Gay-Lu^- 
afeDM^^nteHfd,  itr  appei^n,  ehat  100  grains  of 

fweftmm),  when  converted  into  peroxide,  com- 
bine with'' 177  eatHC.  inches  of  oxygen  gas*  Now, 
iMiahfiMtilnie  times  as  nadh  as  the  quantity 
itecewary  to  convert  potassium  into  potash  ;  for 
l§ir  g>ibis  of i  potassium  were  found  tx>  iA»sorb 
5M9  cnbi^  inches  of  oxygen  gas  wheti  con- 
verted into  potash  — and  ^  =  59.  Peroxide 
ffyuniuitofli  nmst,  thmfeve,  be  composeii  cC 

1  atom  potassium  =  .5 
S  atoms  oxygen      =  S 

S 

An^.an  iplc^ant  paitiele^af  ttmUst  wiagtl'Si  • 

Ttidencirifn  nttrnfinn,  that  this  ^xpenmenl 
Qitjfihimm  naMi :*Tjiaii8rd ^  gives* .  tbe  MUfrilc** 
^veigbt  nfi^potassium  different  ■  from  their  former 
(we.  For  59  cubic  inches  ^^insyg/am  gas«  we^'  > 
WMB  griDiisi|^  so  4iNtt  puiish  is  eorafosodt  "fee* 
coBd^pg4oitiiis  experitticii^  of     '     .  >•    i.u  .  i 

VouL  R 


i25S  FIXED  ALKALIES  AND  ALKALINE  EAiiTUS, 
Potassiam    100      or  4-9068 

5*9068 

The  atom  of  potassium^  by  the  first  expmiisiit^ 

weighs  5*121 ;  by  the  second  4*9(Xiy.  The  meaa 
of  the  two  is  5*0189;  which  approadhM  milch 

nearer  the  truth  than  either  of  the  expenmeots 
taken  singly. 


SECT.  Ih 

OF  THE  ATOMIC  WEIGHTiS  OF  SODA  AND  SODIVU. 

Th$  atomic  weight  of  soda  may  be  determined 

with  the  same  precision,  and  nearly  in  the  same 
manner,  as  the  atomic  weight  of  potash. 
CompoM-  1.  Sulphate  of  soda  is  a  well  known  trans- 
phUterf"^  parent  salt,  which  crystallizes  with  great  tauiity. 
By  a  careful  analysis  of  this  salt  I  find  its  con- 
stituents as  follows ; 

1  atom  sulphuric  acid  5 
1  atom  soda  4 

■ 

lO  atoms  water    •  lliSS . 


20-2^ 


/ 1 1  • 


The  water  of  crystallization  is  not  always  ex^tly 
the  sam6.   X  have  fbund  it  amount  to  lt*S8, 

which  exceeds  the  true  atomic  quantity  by  0<^ 
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grain.  This  excess  of  water  is  mechanically 
lodged  between  the  plates  of  the  crystals  ^ — it 
may  be  got  rid  of  by  reducing  the  crystals  to 
powder,  and  pressing  them  between  two  folds  of 
blotting  paper.  But,  as  the  salt  is  very  easily 
rendered  anhydrous,  it  is  better  to  employ  it  for 
the  experiment  which  I  am  going  to  describe,  in 
that  state.  It  may  be  rendered  anhydrous  by 
placing  it  lor  suaic  hours,  in  the  vacuum  of  an 
air-pump,  along  with  an  open  vessel  of  sulphuric 
acid— or  by  exposing  it  to  a  moderate  beat  in  a 
platinum  crucible. 

Nine  grains  of  anhydrous  sulphate  of  soda,  and 
13*25  grains  of  chloride  of  barium,  were  dis- 
solved in  separate  portions  of  distilled  water. 
The  two  solutions  being  mixed,  a  double  decom- 
position took  place,  and  sulphate  ot  barytcs  pre- 
cipitated in  the  state  of  a  white  powder*  As 
soon  as  the  liquid  had  become  transparent,  it  was 
tested  with  sulphate  oi  soda  and  muriate  oi'  ba- 
lytes,  but  was  not  rendered  opalescent,  nor  in 

the  least  altered,  by  either  of  tliese  reagents.  It 
therefore  contained  no  sensible  quantity  of  ba- 
rytes  or  sulphnric  acid.  From  this  experiment, 
it  follows,  that  the  sulphuric  acid  in  9  grains  of 
anhydrous  sulphate  of  soda  is' just  saturated  by 
the  barytes  from  18*95  grains  of  chloride  of  bari- 
nv^ ,  Nojw^' this  quantity  we  know  is  exactly  5 
gittilQS ;  ^  oopseqiiently,  anhydrous  sulphate  of 
soila    cofi^posed  of 

as 
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Sulphitrtc  acid  5 
Soda  .  4 


^•rj*'^  Jive  being  the  atomic  weight  of  sulphuric  acid, 
and  the  salt  being  neutral,  4  must  be  the  atomic 
weight  of  soda. 

2.  The  atomic  weight  of  soda  being  known, 
it  is  easy,  from  the  expehmeuts  Gaj-Lussac 
and  Thenard,  to  determine  its  compositioii,  and 
to  deduce  the  weight  of  aa  atom  oi  sodium* 
100  grains  of  sodium,  when  plunged  into  water. 
Atom  of   were  immediately  converted  into  soda,  while 

cubic  mcbes  of  hydrogen  gas  were  evolved 
From  this  experiment,  it  follows,  that  when  100 
grains  of  sodium  are  converted  into  soda,  they 
combine  with  99*1^  cubic  inches  of  oxygen  gas, 
or  dS'6  grains*  This  experiment  gives  us  the 
composition  of  soda  as  follows : — 

Sodium       100       or  ja*976 
Oxygen       SSG     •    ]  ^ 

We  see  that  soda  is  a  compound  of  12*976  of  so- 
dium and  1  of  oxygen ;  or  of  1  atom  soduima&d 

1  atom  oxygen.  1  iie  atom  of  sodium,  by  tln^ 
experiment,  is  ^*976k  and  the  atom  of  soda  3'97& 
This  is  a  little  below  the  ti  utli  ;  lor  we  have  just 
seen  that  the  true  atomic  weight  ot  soda  is  4 ; 
but  the  experiment  is  sufficient  to  satiify  us  that 
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soda  is  a  compound  of  1  atom  sodium  and  1  atom 
oxygen ;  and  that  an  atom  of  sodium  weighs  S* 
JBerzelius  tried  to  determine  the  quantity  of 
oijrgen  which  converts  a  given  weight  of  sodium 
into  soda,  by  the  same  method  which  he  followed 
in  determining  the  composition  of  potash.  The 
resttk  obtained  was,  that  soda  is  composed  of 

Sodium      100      or  8-S96 
Oxygen        54*52    -  I 

3-896 

Tilis  result  deviates  aliitle  iarthcr  ii  oiu  tiie  truth 

ttsn  that  ot^  Gay-Lussac  and  Tli^nard. 
Sir  H.  Davy  made  a  variety  of  experiments 

with  the  same  object  in  view,  and  drew  as  a  cou- 
dusion,  that  soda  is  a  compound  of  from  7^  to 

73  sodium,  and  from  25  to  ^  oxygen.  One 

i£  his  ^pejimeots  gave  km  tlie  composition  of 
soda  as  follows : — 

Sodium  100  or  8 
Oxygen  •  1 

4 

Now,  this  result  agrees  exactly  with  the  atomic 
weight  of  soda,  as  determined  in  the  first  para- 
graph oi  this  section. 
There  can  be  no  doubt  that  tiie  atom  of  sodi- 

urn  weighs  3 — and  that  soda  is  a  compound  of 
1  atom  sodium  and  1  atom  of  oxygen. 

R3 
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f^S^^^  3.  Sodium,  like  potassium,  combines  with  an 
additional  dose  of  oxygen,  and  forms  a  solid  of  a 
greenish  yellow  colour,  distincrnished  by  the 
name  of  peroxide  of  sodium.  From  the  ei^e- 
1  iineaU  oi  Gay-Lussac  and  Theuard,  it  appears, 
that  sodium  in  the  peroxide  is  united  with  U 
times  as  much  oxygen  as  in  soda.*  Hence^  the 
peroxide  is  composed  of 

Sodium  5 
Oxygen  1*5 

4*5 

»  - 

So  that  the  atomic  weight  of  tliis  peroxide  is  4!  J, 
and  it  is  a  compound  of  1  atom  sodium  and  li 
atom  oxygen ;  or  of  2  atoms  sodium  and  3 
atoms  oxygen.  It  is  curious  that  soda  has  a 
tendency  to  combine  in  the  same  proportion^ 
with  several  of  the  acids,  that  sodium  does  with 
oxygen. 

.SECT.  III. 

OF  THE  ATOMIC  WEIGHTS  OF  LXTHIA  AND 

LITHIUM.  ' 

Though  lUhia  has  been  known  for  only  a  few 
years,  and  though  it  has  been  hitherto  procured 
only  in  small  quantities,  yet  its  properties  have 

*  Recherdws  PhfdM^Om,  L 
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been  examined  with  so  much  care,  and  some  oi* 
the  salts  which  it  forms  have  been  analyzed  with 

such  accuracy,  that  its  atomic  weight  has  been  as- 
certained with  as  much  precision  as  that  of  any 
of  the  alkaline  bases.  I  have  examined  several 
d  the  salts  ot  iithia,  but  iound  the  sulphate  best 
adapted  for  a  rigid  determination  of  the  atomic 
weight. 

1.  Sulphate  of  lithia  crystallizes  very  well  by  Aiwijii«  at 
spontaneous  evaporation,  even  when  the  quantity  SJ^^**  ^ 
of  it  is  small.  It  forms  ibur-sided  rect^mgular 
prisms  with  square  bases*  which  are  not  liable  to 
deliijuesce  when  exposed  to  the  aii.  Its  taste  is 
ssline^  without  any  perceptible  bitterness.  It 
contains  water  of  cryatalUzatioDy  which  is  easily 
driven  off  by  exposing  the  salt  to  a  heat  of  about 

This  salt  was  analyzed  by  Arfvvedsoii,  Vau- 
queliUy  and  Gmelin»  in  an  anhydrous  state ;  but 
Stromeyer  has  stated  both  the  saline  constituents 
and  the  water  of  crystallization. 

According  to  Arfwedson/  the  constituents  of 
this  salt  are 

Sulphuric  acid     6S*4t    or  9 

Lithia  31-59     -  2-308 


100*00 

Vauquelint  states  its  constituents  as  follows : 

•  Ann.  a»Cliiiii.ftcferbft.X.  Ml        f  nU.  YXI.  $87 
'  R4 


Digitized 


£64    FIXED  ALKALIEA  AND  ALKALINE  £ARTU6. 

Sulphuric  amdl    6Qit  ait  5 
Lithia  50*8  • 

lOOO 

The  salt  being  neutral,  and  5  being  the  atomic 
•  weight  of  sulphuric  acid,  the  correspdidiiig 
number  for  Hthia  must  denote  the  weight  of  an 
atom  of  that  alkali^  according  to  the  detemuiM^ 
tion  of  these  chemists.  Lithia,  consequently, 
according  to  the  analysis  of  Arfwedsoa»  weighs 
S-iSOSt^accofdiiig  to  that  of  Vanquelni,  its 
weight  is  2*;^Z>.  The  mean  of  these  two  aiia» 
lyses  gives  us  ^*S66  ibr  the  atomic  weig^of  li- 
tkia.  Tliis  approaches  very  near  S*35,  which,  as 
I  shall  show  immediately,  is  the  true  atonuc 
weight  of  lithnu 

Gmelin's*  analysis  (when  corrected)  is  slu  iol- 

Sulphuric  add      67*15   or  5 
Lithia  3^-65    -  £-416 

1 00-00 

The  atomic  weight  of  lithia  derived  from  this 
analysis,  is  higher  than  that  given  by  VauqueliD, 
or  even  by  Arfwedson,  amounting  to  2'4l6. 
But,  if  we  compare  Gmelin's  analysis  of  car- 
bonate of  lithia  with  his  analysis  of  the  sulphate, 
it  will  be  evident  tliat  they  cannot  be  quite  aO' 

•  Oitlivt**  Auakn,  LIX.  S36i 


Digitizer  by  Google 


4 


hlTHlA  AND  LilHlUiU. 


205 


curate.  The  tused  cmbouate  lie  found  a  com- 
pound of 

Carbonic  acid      54*46  or  2*75 
Lhhia  45-54    -  2-299^ 

10000 

So  that  the  atomic  weight  of  iithia,  hy  his  analy- 
sis of  the  sulphate,  is  S*4l6,  while  by  the  analysis 
of  the  carbonate  it  is  only  2*Q[)95'  Tliis  dis- 
cordancy  vould  render  it  hazardous  to  employ 
Gmelin's  analysis  for  the  determination  of  the 
atomic  weight  of  this  alkali. 

Stromeyer's  analysis  is  more  recent  than  those 
of  die  three  above  named  chemists ;  and  it  comes 
nearer  tiie  trutli  than  any  of  the  others.*  100 
parts  of  the  crystals  contain  (according  to  him) 
13  parts  of  water,  and  the  anhydrous  salt  (cor- 
recting the  calculations)  is  a  compound  of 

Sulphuric  add      68  977   or  5 

Lithia  .'i  1-023     -  22488 

100 

The  water,  when  reduced  to  the  atomic  propor* 
fioitty  is  1*088,  or  very  nearly  one  atom. 

^.  I  exposed  8-375  grains  of  very  carefully 
prepared  crystids  of  sulphate  of  lithia,  to  the 
temperature  of  60(f ,  in  a  platinum  crucible,  till 
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the  salt  ceased  to  give  out  moisture*  The  loss 
of  weight  was  exactly  1*1^  grain,  whidi  ii 
equivalent  to  1  atom.  The  7*^  grains  of  an- 
hydrous salt  were  dissolved  iu  a  mininuim  of  dis- 
tilled water,  and  the  liquid  was  mixed  with  a 
solution  of  13'^25  grains  of  chloride  of  barium. 
After  the  sulphate  of  barytes  had  subsided,  the 
residual  liquid  was  tested  with  sulphate  of  soda 
and  muriate  of  barytes ;  but  neither  of  these  re- 
agents produced  any  opalescence,  showing  .that 
it  contained  neither  barytes  nor  sulphuric  acid. 
Consequently,  the  sulphuric  acid  in  7'25  grains  of 
anhydrous  sulphate  of  lithia  amounts  to  exactly 
5  grains.  The  remmnuig  portion  of  the  salt  be- 
ing lithia,  it  is  obvious  that  the  true  composition 
of  this  salt  is  as  follows ; 

Sulphuric  add       5      or   1  aloMi 

Lithia  .  .  2-25-1  atom 
Water     .       .       1'125  -     1  atom 

B'S75 

o*"  Thus,  the  true  atomic  weight  of  lithia  is  2'£5, 
and  the  sulphate  contains  an  atom  of  each  of  its 
constituents. 

S.  It  was  ascertained  by  bu:  il,  Davy,  that  li- 
thia,  like  potash  and  soda,  is  a  compound  of  * 
white  coloured  metal,  called  fiz/iiiwi,  and  oxygen* 
Thou^  no  experunents  have  been  made  to  de- 
termine Hie  proportion  of  these  two  constttiient^ 
there  is  no  difficulty  in  ascertaining  the  true 
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composition  of  fithiat  now  that  we  know  the 
atomic  weight  of  tbis  alkali  and  oi  oxygeu. 
Potash  and  soda  are  each  of  them  compounds  of 
1  atom  of  oxyo^en,  with  1  atom  of  potassium 
and  sodium  respectively.  We  shall  find  that  the 
composition  of  barytes,  strontian,  lime,  and  mag- 
nesia, is  quite  similar.  It  is  reasoaable  to  con- 
clude from  this,  that  lithia  is  likewise  a  com* 
pound  of  1  atom  oxygen  and  1  atom  lithium  ; 
consequently y  an  atom  of  lithium  must  weigh 
1*25,  and  lithia  must  consist  of 

1  atom  lithium  1*S5 

]  atom  oxygen  1 


SECT.  IV. 

OF  THE  ATOMIC  WEIGHTS  OF  BAHYTES  Ai\D 

BARIUM. 

Barttes  has  been  employed  in  many  of  the  pre- 
ceding sections  to  determine  the  atomic  weight 
ot  dijtierent  bodies,  in  consequence  of  the  jwo- 
peity  which  it  has  of  forming  an  insoluble  com- 
pound with  sulpimric  acid.  It  has  been  aheady 
explained,  that  sulphate  of  barytes  is  a  comppund 
of 
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Solplntfk  add  5 

Bar^'tes  9*75 

14-75 

Prom  which  it  is  obvious,  that  9*75  must  be  tfie 

atomic  weight  of  baiytes  ; — but  i\  lew  additional 
observations  may  be  requisite  to  prevent  any  ob- 
scurity from  incommoding  the  progress  of  the 
reader. 

1.  When  a  current  of  chlorine  gas  is  made  to 

pass  over  red  hot  barytes,  this  gas  is  absorbed, 
while  at  the  same  time  oxygen  gas  is  evolved — 
and  the  barjrtes  is  changed  into  chloride  of  bari-> 
urn.  Sir  II.  Davy,  to  whom  we  owe  this  experi- 
menty  ascertained,  ttiat  for  every  volume  o£  chlo- 
rine gas  absorbed  by  the  barytes,  half  a  volume 
of  oxygen  gas  was  evolved.  It  is  obvious  that 
the  oxygen  gas  was  displaced  from  the  barytes 
by  the  chlorine,  and  of  consequence,  the  barytes 
was  converted  into  barium.  Half  a  volume  of 
oxygen  gas  and  a  whole  volume  of  chlorine  gas, 
being  each  equivalent  to  an  atom,  it  is  clear  that 
barytes  must  be  a  compound  of  1  atom  barium 
and  1  atom  oxygen  ^  consequently,  an  atom  of 
barium  weighs  8*75. 

2.  Muriatic  add  was  shovm,  in  a  preceding 
chapter,  to  be  a  compound  of  1  atom  chlo- 
rine =  4>'5  J  and  1  atom  of  hydrogen  =»  0'1£5 ; 
so  that  its  atomic  weight  is  4'6£5« 

S.  Water  was  likewise  shown  to  be  a  com- 
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pound  of  1  atom  oxygen  and  1  atom  hydrogeHi 
and  its  atomic  weight  w 

4.  An  integrant  paiticle  of  anhydrous  mutiate  Muibiflor 
01  barytes  weighs  I4t'375  i  being  composed  of 

1  atom  muriatic  acid  »  4*62^ 
1  atoiD  baryte^         =  9«75 

5.  When  muriate  of  bary  tes  is  exposed  to  a  red 
beat»  it  undeiigoes  a  double  decomposition.  The 
hjdi  ogcu  of  the  acid  and  the  oxygen  of  the  base 
uniting  together,  constitute  a  particle  of  water, 
which  is  driven  off  by  the  heat,  while  the  chlo- 
rine and  tlie  barium  remain  united  together  in 
the  state  of  chloride  of  barium.  For  it  is  obvi« 
0U8,  that  14-375  of  munate  of  baiytes  may  be 
tiecomposed  into 

1  atmn  water  l'IS5 
1  atom  cbloriile  of  barium  »  13*25 

14-375 

6.  Whenever  chloride  of  barium  is  dissolved  in 
water  it  is  again  converted  into  muriate  a£  ba- 
ijles.  A  portion  of  the  water  is  decomposed, 
the  hydrc^en  of  which  converts  the  chlorine  into 
muriatic  acid»  while  the  oxygen  changes  the  ba* 
rium  into  barytes. 

?•  Thus,  it  appears,  that  whenever  muriate  of 
Inaytes  is  e^qmed  to  a  red  heat,  it  is  converted 
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into  chloride  of  barium  j  and  that  when  chloride 
of  barium  is  dissolved  in  water,  it  becomes  mu- 
riate of  barytes.  We  may»  thereferey  employ 
IS'25  grains  of  chloride  of  barium  as  an  equiva> 
lent  for  14-37^  grains  of  muriate  of  barytes,  and 
as  capable  of  yielding  9*7^  grains  of  barytes. 

These  things  being  understood  and  recollectedi 
we  are  prepared  for  an  experimental  investigation 
of  the  atomic  weight  of  barytes. 

13*^  grains  of  chloride  of  barium,  and  11 
grains  of  sulphate  of  potash,  were  dissolved  in 
separate  portions  of  distilled  water,  and  the  two 
solutions  were  mixed  together.  A  double  de- 
composition took  place,  sul])hate  of  barytes  pre- 
cipitated to  the  bottom  of  the  vessel,  while  mu- 
riate oi  potash  remained  in  solution.  Both  of 
these  salts  were  quite  neutral,  and  the  solution 
contained  no  traces  either  of  sulphuric  acid  or  of 
barytes.  The  sulphate  of  barytes  being  collected 
weighed  14*7^  grains  $  the  solution  being  eva^* 
porated  to  dryness,  left  9*^  grains  of  chloride  c( 
potassium*  Now,  the  weights  of  these  two  salts 
amount  to ^4*25  grains,  which  is  just  equal  to 
the  combined  weights  of  the  chloride  of  bariutt^ 
and  sulphate  of  potash  employed  in  snaking  the 
experiment. 

1 1  gtatns  of  sulphate  of  potash  contain  5 
grains  of  sulphuric  acid,  which  must  exist  in  the 
1475  ^grains  of  sulphate  ot  barytes.  Cause- 
quently,  that  salt  must  be  a  compound  of  ^ 
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Sulphuric  acid.  5 
Biuytes  ,  9*75] 

14-75 

The  salt  being  neutral,  and  5  being  tlie  atomic 
weight  of  sulphuric  acid,  it  is  plaiu  that  975 
must  be  the  atomic  weight  of  baiytes. 

Muriate  of  barytes  is  a  white,  pungent,  and 
disagreeably  tasted  salt,  which  ciystallizes  in  reiy 
short  four-sided  prisms  with  square  bases.  I 
find  by  a  careful  analysis  of  these  crystaU,  that 
they  are  composed  of 

* 

1  atom  muriatic  aud  =  4  (>'2J 
1  atom  barytes  =  .  9*750 

1  atom  water  »  1*125 

15-5 

If  15'5  grains  of  it  be  exposed  to  a  red  heat* 
thqr are redaoed  to  13*^  grains;  so  that  the 
loss  sustained,  owing  to  the  escape  of  water,  is 
grains.  This  loss  is  equivalent  to  two  atoms 
cf  waiter ;  one  of  these  atoms  existed  in  the 
salt  as  water  of  crystallization  ^  the  other  atom 
was  &raed  by  the  muriate  of  barytes  being  con- 
verted into  chloride  of  barium. 
'  Gay«X.ussaG  and  Thenard  ascertained  that 
iriien  anhydrous  barytes  is  heated  in  oxygen  gas, 
a  portion  of  the  gas  is  absorbed,  and  .the  barytes 
tt  converted  kito  a  peroxide*   This  peroxide  is 
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gi  cv ;  but  we  have  no  data  to  determine  how 

'    many  atoms  of  oxygen  it  coutams. 

SECT.  V. 

m 

OF  THE  ATOMIC  WEIGHTS  OF  8TEONT1AN  AN© 

STRONTIUM. 

TiiK  atomic  weight  of  strontian  is  easily  deter- 
mined by  experiments  of  a  similar  kind  witli 
those  related  in  the  last  section.   It  will  be  suf- 
ficient if  I  describe  one  ol  tliera. 
Atr  m  of      X.  Nine  grains  of  anhydrous  sulphate  of  soda, 
dttaniiwd.  and  ten  grains  of  chloride  of  strontium,  (that  is, 
muriate  of  strontian,  exposed  to  a  red  lieat,)  were 
dissolved  in  separate  portions  of  water.  These 
two  solutions  being  mixed  together,  a  double 
decomposition  took  place.  Sulphate  of  strontian 
precipitated  abundantly,  and  the  residual  liquid 
contained  a  quantity  of  commou  salt,  whicli  was 
perfectly  neutral,  as  no  change  was  produced  on 
paper  stained  with  litmus  or  cudbear.  This 
residual  liquid  being  tested  by  muriate  of  baiy- 
tes,  did  not  give  any  indication  of  the  presence 
of  sulphuric  acid.    Nor  was  it  rendered  in  the 
least  turbid  by  sulphate  of  soda,  arseniate  of 
soda,  or  chromate  of  potash,  even  when  veiy 
much  concentrated  by  evaporation*  Conse- 
quently, it  contained  no  sensible  quantity  of 
strontian  j  the  sulphate  of  strontian  being  care* 
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fiilly  cdlected  and  exposed  to  a  red  heat, 

weighed  grains.  Now,  it  contained  all  the 
sulphuric  add  in  9  grains  of  anhydrous  sulphate 
of  soda,  which  is  just  5  grains.  The  remaining 
6'5  grains  must  be  strontian.  Thus  it  appears, 
that  sulphate  of  strontian  is  composed  of 

Sulphuric  acid  5 
Strontian      .  6*5 

11-5 


5  being  the  atomic  weight  of  sulphuric  acid,  and 
die  salt  being  nefutrid,  6*5  must  be  ithe  atomic 
Weight  of  strontian. 
The  soda  in  9  grains  of  anhydrous  sulphate 

rfsoda  amounts  to  4  grams,  which  requires  for 
saturation  4*6^  grains  of  muriatic  acid,  equiva^ 
knt  to  4*5  grains  of  chlorine— and  this  must  be 
the  quantity  of  chlorine  in  10  grains  of  chloride 
of  strontium.   If  from  10  we  subtract  4-5,  the  ^*""^/'^ 

strontium. 

'Wnainder  is  5-5,  which  indicates  the  (|iiaiiUty  uf 
strouuum  in  10  grains  of  this  chloride.  This 
i'^of  strontium,  when  converted  into  strontian 
in  the  sulphate,  becomes  C'J.  Hence,  it  is  ob- 
vious that  strontian  is  a  compound  of  1  atom 
oxygen,  and  1  atom  strontium  \  and  that  an 
atom  of  strontium  weighs  6*5. 
Muriate  of  strontian  crystallizes  in  long  needles.  Muriate  or 

•  /•••II.         .  /•  rtfiMitijuu 

<»nsistmg  or  six-sided  prisms,  two  opposite  laces 
^  which  are  broader  than  the  other  four.  By 

▼•uL  S 
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a  caiefbl  analysis  of  this  salt,  I  have  aseartained 

its  c^positiou  to  be  as  follows  : 

1  atom  muriatic  acid  =  4*625 
1  atom  strontian       =»  6*5 
8  atoms  water         =  9 

So  that  an  integrant  particle  of  it  weighs 

When  20-125  grains  of  these  crystals  are  ex- 
posed to  a  red  beat  ia  a  platinum  crucible,  they 
lose  10*1^  gi'^DS  of  water,  which  is  eqiuvsleot 
to  9  atoms ;  and  there  remain  behind  10  grains 
of  chloride  of  strontium,  which  is  equivalent  to 
the  weight  of  an  integrant  particle  of  that  chlo* 
ride.  Thus,  muriate  oi  strontian,  like  muriate 
of  barytes,  loses  1  atom  of  water  more  tinn  it 

contains  in  the  state  of  water.  This  atom  is 
produced  by  the  double  decompositicHi  of  the 
muriate  of  strontian  into  an  atom  of  water,  and 
an  atom  of  chloride  of  strontium,  precisely  itt 
die  manner  explained  in  the  last  section,  when 
treating  of  ilie  conversion  of  muriate  of  barytes 
into  chloride  of  barium  by  heat. 


SECT.  VL 

OP  THE  ATOMIC  WEIGHTS  OF  LIME  AND  CALClW 

The  salts  of  lime  are  either  insoluble  in  water, 
or  they  contain  much  water  of  ciystaUisatioo, 
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which  they  cannot  be  completely  deprived,  with- 
out the  risk  of  losing  at  the  same  time  a  portion 
of  tlieir  acid.  On  this  account,  the  method 
which  I  was  obliged  to  employ  in  detennimng 
the  atomic  weight  oi  lime,  was  lalher  morecoin- 
phcated  than  that  which  gave  the  atomic  woighta 
of  the  other  alkaline  bodies  contained  in  this 
chapter ;  tliough  it  was  equally  decisive. 

I.  grains  of  pm:e  calcareoua  spar  (kept 
for  twenty-four  hours  at  a  temperature  higher  umeikifr. 
than  that  of  boiling  water)  were  dissolved  in 
muriatic  acid,  and  the  solution  evaporated  to 
drj'ness  in  a  low  temperature,  in  order  to  c^et 
rid  of  all  excess  of  acid.  The  muri^ite  of  lime, 
thus  rendered  neutral,  was  re-dissolved  in  a 
small  quantity  of  distilled  water.  In  anotJier 
portion  of  distilled  water  1  dissolved  8*7^  grains 
of  pure  anhydrous  carbonate  of  potash*  These 
two  soiutiuus  being  mixed,  a  double  decomposi- 
tion took  place^ — ^the  lime  and  carbonic  add 

precipitated  in  the  state  of  carbonate  of  lime, 
w  iuie  tlie  muriatic  acid  and  potash  remained  in 
solution  in  the  state  of  muriate  of  potash* 

The  clear  liquid  reiiiaiuiug  after  the  precipita- 
tion of  the  cai'bonate  of  lime,  produced  no 
change  in  the  colour  of  cudbear  pape  and  con- 
^uently  contained  no  sensible  quantity  of 
cartHMiate  of  potash ;  and  as  it  was  not  precipi* 
tated  by  oxalate  of  ammonia,  it  contained  no 

sensible  quantity  of  lime. 

ss 
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•  The  carbonate  of  lime  precipitated^  being 

washed  and  dried,  weighed  just  6*£5  grains,  or 
exactly  the  same  as  the  calcareous  spar  originaliy 
dissolved  in  the  muriatic  acid.  It  was  obviously 
a  compound  of  all  the  lime  in  6*25  grains  of 
calcareous  spar,  and  all  the  carbonic  acid  in 
8*75  grains  of  anhydrous  carbonate  of  potash. 

This  carbonate  of  potash  had  been  procured 
by  exposing  pure  crystals  of  bicarbonate  of 
poush  to  a  red  heat  in  a  platinum  crucible.  It 
has  been  ascertained  that  this  carbonate  is  an- 
hydrous,  and  that  it  is  a  compound  of 

1  Btoni  carbonic  add  »  2*75 
1  atom  potash  -      »  6 

8-75 

From  this  it  is  obvious,  that  the  6*25  of  carbon- 
ate of  lime  contained  just  2*7^  of  carbonic  acid» 

the  remainder  being  lime,  it  is  evident,  that  this 
carbonate  is  composed  of 

Carbonic  add  8*75 
Ume  5*50 

6-25 

S*7^  being  the  atomic  weight  of  carbonic  acid, 
and  the  salt  being  neutral,  8*5  most  be  the 
weight  of  an  atom  of  lime.  It  is  clear  likewise, 
diat  calcareous  spar  is  a  compound  of  one  atom 

carbonic  acid  and  one  atom  lune. 
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'      If  a  current  of  chlorine  gas  be  made  to  pass  Atomic 

I  I  •  1  •  1  1  1  weight  oi 

through  a  quantity  or  lime  heated  to  redness,  caidum. 
this  alkaline  eartli  is  decomposed,  oxygen  gas  is 
disengaged,  and  chloride  of  calcium  is  fonned. 
Sir  H.  Davy,  to  whom  we  are  indebted  for  this 
experiment^  ascertained  that  for  ev^  hal£  vo- 
lume of  oxygen  gas  extricated,  a  whole  volume 
of  chlorine  gas  was  absorbed*  Now>  these  two 
bemg  equivalent,  respectively,  to  one  atom,  it  is 
obvious  that  hmc  must  be  a  compound  of  one 
atom  oxygen  and  one  atom  calcium.  Conse- 
quently, the  atomic  weight  of  calcium  is  ^'5. 

3.  Muiiate  oi  lime  may  be  easily  ciybtaiiized, 
by  placing  a  concentrated  solution  of  it  under 
the  exhausted  receiver  of  an  air  pump,  over  a 
flat  glass  vessel  contaiimig  a  quantity  of  concen- 
trated sulphuric  acid.  The  crystals  are  large 
transj):irent  four  or  six-sided  prisms,  usually 
striated  longitudinally.   They  are  composed  of  ; 

1  atom  muriatic  acid  4*625 
1  atom  lime   .  3«5 
6atoii»witer  6*75 


i-i-875 

When  this  muriate  is  cautiously  exposed  to  a 

heat  gradually  raised  to  redness,  it  may  be  fusetl 
and  converted  into  chloride  of  calcium  witli 
scarcely  any  loss  of  chlorine  or  muriatic  acid. 

In  that  case  it  loses  7  atoms  of  water,  I  h'SJd 

grams  of  the  crystallized  muriate  being  by  this 

s  3 
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treatment  reduced  to  7  grains  oi  chloride  oi'  cal- 
diiiD.   I  shall  idate  one  experiment  to  show  the 

reader  how  near  to  these  numerical  results  I 
have  been  able  to  come.  1^5  grains  of  pure 
calcareous  spar  (containing  7  grains  of  lime) 
were  dissolved  in  muriatic  acid,  in  a  plati* 
nam  cracible^  the  wei^t  of  which  had  been 
previously  determined.  The  sohition  was  slowly 
evaporated  to  dryness,  and  the  dxy  salt  was 
fiised  by  exposing  the  salt  to  a  red  heat.  The 
fused  salt  was  white  and  opaque,  and  weighed 
13*98  grains,  as  oeariy  as  could  be  deteraiined. 
Water  being  poured  upon  it,  there  remaiacd 
undissolved  0*17  grain  of  a  white  powder  coa* 
sisting  chiefly  of  carbonate  of  lime ;  butcootain* 
ing  also  one  or  two  flocks  of  sulphate  of  linie, 
apparently  derived  from  a  trace  of  sulphuric 
acid,  in  the  mmiatic  add  employed  to  dissdve 
the  calcareous  spar.  Now,  017  carbonate  of 
lime  contain  lime = 0*0678  calcium,  which 
requires  for  saturation  0*122  chlorine,  making 
together  0*1898  chloride  of  calcium  ;  which  ex- 
ceeds the  0*17  grain  of  carbonate  of  lime  by  very 
nearly  0*02  grain  ;  making  (as  near  ai>  1  could 
determine)  almo^  exactly  I4f  grains. 

Now,  these  14  grains  contained  H  atoms  ch]o> 
rine  =  9^  and  2  atoms  calcium,  which  must 
amount  to^.  So  that  the  atomic  weight  of  caU 
cium  is  obviously  2*5  ;  and  Hme  is  a  compound 
of  1  atom  oxygen  and  1  atom  calaum. 
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SECT.  VIL 

Of  XU£  ATOMIC  W£IGHT5  OF  MAGN£SIA  AND 

MAGNESIUM. 

The  atomic  weight  of  magnesia  may  be  deter* 
mined  in  the  same  way  as  that  of  the  fixed  alka- 
lies For  sulphate  of  magnesia,  which  crystallizes 
io  fei]r<4ided  {mams  with  square  bases,  and  is  per- 
fectly neutral,  may  be  rendered  anhydrous  by 
heat,  without  losing  any  of  its  acid* 

1.  J '5  grains  of  anhydrous  sulphate  of  mag*  Atom  cr 
nesia,  and  13*^  grains  of  chloride  of  barium,  SS^^^. 
were  dissolved  in  two  separate  portions  of  dis- 
tilled  water.  TTie  two  solutions  being  mixed 
together  and  agitated,  a  double  decomposition 
took  places  sulphate  of  barytes  precipitated, 
while  muriate  of  magnesia  remained  in  solution. 

The  supernatant  liquid,  after  th^  sulphate  of 

barytes  had  subsided,  was  perfectly  neutral. 
Being  tested  by  sulphate  of  sod^t  and  n^uriate  of 
barytes,  it  did  not  become  in  the  least  muddy  by 
the  addition  of  either  of  thesQ  reagents,  showing 
that  it  contained  neither  barytes  nor  sulphuric 
acid.  Hence,  the  sulphuric  acid  in  7*5  grains 
ot  anhydrous  sulphate  q£  msgnesia  just  saturates 
the  barytes  from  18-^  grains  of  chloride  of.  ba* 
rium-— so  that  it  amounts  to  precisely  6  grains. 
The  femaioder  of  the  salt  consisting  of  magne- 
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sia,  it  is  evident  that  anhydrous  sulphate  of  mag- 
nesia is  a  compound  of 

Sulphuric  acid  5 
Magnesia  2-5 

The  salt  being  neutral,  and  5  being  the  atomic 
weight  of  sulphuric  acid,  it  is  pl^i  that  2-5  must 
represent  the  atomic  weight  of  magnesia. 
Composi.     £,  By  a  careful  analysis  of  the  crystallized 

lion  of  ml.     ,   ,  «  •      t  i  •      i    i.  i.  -i. 

pjiate  of    sulphate  ot  magnesia,  1  have  ascertained  that  it 
IS  a  compound  ot 

1  atou)  sulpiiuric  aciil    =  ^* 
I  atom  magnesia         «  2*5 
7  atoaw  water  »  7*875 

15-375 

So  that  an  integrant  pai  ticle  of  it  weighs  15*37^* 
When  16*375  grains  of  these  crystals  are  heated 
properly,  the  whole  water  may  be  driven  off 
without  the  loss  of  any  sulphuric  acid  or  magne^ 

i>ia  j — fur  ll  ic  weight  of  the  anhydrous  salt  is 
exactly  7'^  grains.  15'375  grains  of  crystallized 
sulphate  of  magnesia  just  precipitate  idl  the  ba* 
rytes  contained  in  a  solution  of  13'25  grains  oi 
chloride  of  barium. 
Muriftieof  3.  Muriate  of  magnesia  is  a  deliquescent  salt; 
but  it  may  be  obtained  in  large  transparent  ciys- 
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tals,  which  by  a  carrful  analysis  I  find  composed 

as  follows : 

1  atom  muriatic  acid  = 
I  atom  magnesia      »  2-5 
5  atoms  water  .      »  6*6iSi5 


18*75 

If  it  could  be  rendered  anhydrous  without  the 
loss  of  its  acid,  it  would  doubtless  be  reduced 
to  chloride  of  magnesium,  weighing  only  6 
grains;  but  this  cannot  be  done;  for  when 
the  muriate  is  heated,  not  only  the  water,  but  ii 
considerable  portion  of  the  acid  flies  off  and 
leaves  the  magnesia.  I  may  state  an  experi* 
ment,  however;  because  it  seems  to  show  that  a 
chloride  of  magnesium  might  be  formed,  if  the 
requisite  precautions  were  taken.  It  was  the 
only  successful  trial  that  I  made,  though  my  ex* 
periments  amounted  to  five  or  six.  15*81  grains 
of  pure  an]i)^drous  carbonate  of  magnesia,  equiva- 
lent to  7-^9  grains  of  magne^  were  dissolved 
in  muriatic  acid,  and  the  solution  being  evapo* 
rated  to  dryness,  tiie  muriate  of  magnesia  was  ex- 
posed to  an  incipient  red  heat,  with  every  pre- 
caution which  I  could  devise  to  prevent  the 
escape  of  the  muriatic  acid.  The  salt  thus  treated 
weighed  13*3  grains,  and  had  a  whitish- colour. 
Water  being  poured  upon  it,  the  greater  part 
was  dissolved  with  the  evolution  of  much  heat, 
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and  tliere  remained  undisaolved  3  gniin$  of  pait 

magnesia.  Now,  if  wc  suppose  tlic  lO-o  grains 
which  dissolved,  to  have  been  previously  in  the 
state  of  chloride  of  magnesiuin,  tfaejr  must  have 

consisted  of 

Magnesium  2*575 
CUoriiie      7-725 , 


IQ'^OQ 

And  9*57^  grains  of  magnesium  are  equivaieot 
to  4*d9  grains  of  magnesia,  Norvr,  4'ii9  4-  3!}^ 
7'^9f  which  is  the  amount  of  the  magnesia  orih 
ginaliy  present  in  the  carbonate  employed.  It 
would  appear  that  in  this  experiment  a  ohtoi«Ae 

oi  magnesium  was  obtained. 

It  is  obvioufti  if  the  preceding  experiment 

deserves  any  confidence,  that  magnesia  is  a  com- 
pound of 

1  doai  magfiiefllain  1*5 

1  atom  oxyj^efi         1  *0 

a-5 

And  this  is  corroborated  by  the  foliowiog  ex> 
periment  originally  made  by  Sir  H*  Davy* 
When  magnesia  is  heated,  and  a  current  of  chlo» 
rine  gas  peesed  over  it»  oxygen  is  givfia  oat,  and 
the  magnesia  is  converted  into  chloride  of  mag- 
nesium. Now,  for  every  vdume  of  chlorine 
absorbed,  half  a  volume  of  oxygen  gas  is  given 
out.   This  shows  that  magnesia  contains  only  1 
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atom  oF  oxygen.  Ccmaequently,  the  weight  of 
an  atom  of  magnesium  must  be  1*5. 

From  the  details  contained  in  the  different 
sections  of  this  chapter,  it  is  evident  that  the 
fixed  alkalies  aud  alkaline  earths  are  all  anala- 
gouB  substances,  being  each  a  compound  of  one 
atom  of  a  metallic  basis,  and  one  atom  of  oxy- 
gen. Potassium,  -sodium,  and  barium  combine 
with  two  doses  of  oxygen ;  though  this  has  not 
been  shown  to  hold  witli  the  other  four  bases 
contained  in  this  chapter,  yet  it  is  probable,  &om 
the  striking  analogy  between  the  properties  of 
all  these  bodies,  that  they  will  beibuiid  liercaiter 
to  be  in  the  same  predicament. 

lithia  is  the  lightest,  and  barytes  the  heaviest 
of  these  bodies.  It  may  be  worth  while  to  sub- 
j(Hn  a  tabular  view  of  the  atomic  weights  of  the 
metallic  ba^es  and  tlie  alkalies,  arranged  accord- 
ing to  the  weight 


lithium 

1*85 

V           ALKAUSa.  AT 

Lithui 

OMK  WKR 

2-S5 

MigDCiiiiiii 

1-5 

Magnetia 

9*5 

Calcium 

8*5 

Lime 

3*5 

Soiliuni 

S 

Soda 

4 

Potassium 

5 

Potash 

G 

Strontiam 

5-5 

Strontian 

6-5 

Biriam 

S-75 

Barytes 

9-75 

Tabtoof 

the  atoms 
of  the  alk«- 
line  metab 


Digitized  by  Google 


CHAP.  IX 


OF  TH^.  ATOMIC  WEIGHTS  Oi-  THE  EARTHS 

PfiOPER. 

These  are  four  substances,  which  are  now 
considered  as  metallic  oxides,  but  which  were 
long  distinguished  by  the  name  of  earths  proper. 
When  pure,  they  have  the  form  of  white  taste- 

less  po\\  ders, — insoluble  in  water,  though  capa- 
ble of  forming  soUd  hydrates  with  that  liquid. 
They  combine  readily  with  the  acids,  and  form 
salts,  which  redden  vegetable  blues,  and  are  de- 
composed by  exposure  to  a  red  heat*  These 
four  boilies  are  alumina,  ghicina,  yttria,  and  zii^- 
coma.  We  shall  devote  this  chapter  to  the  in- 
vestigation of  the  atcxnic  weights  of  these  bo- 
dies. 

SECT.  I. 

OF  THE  ATOMIC  WEIGHT  OF  ALUMINA. 

In  a  paper  inserted  in  the  Annals  of  PhUoso- 
pby  (Second  Series),  Vol.  III.  p.  61.  I  gave  the 
result  of  a  very  laborious  analysis  oi  alum,  Horn 
which  I  drew,  as  a  conclusion,  that  the  atomic 
weight  of  alumina  was  2<25.  Since  that  time,  Mr* 


286 


£Aa7H  j  FiiOPEa 


R.  PhUips  has  published  some  expehmente  oq  the 
sulphate  of  alumina,  fixmi  which  he  considers  it 
most  probable  tliat  the  atomic  weight  of  alu- 
mina is  d*S75.  This  opinion,  from  a  man  of  Mr* 
Philips'  precision  and  extensive  chemical  know- 
ledge»  induced  me  to  repeat  the  whole  of  m/ 
experiments,  and  to  extend  my  researches  as  fiir 
as  possible,  in  order  to  throw  as  much  light  as  I 
could  upon  this  very  important,  but  difficult  sub- 
ject.    I  shall  in  this  section  lay  the  result  of  my 
experiments  before  the  reader. 
Methods  of    Xhere  are  three  methods,  by  means  of  which 
ing  the         may  hope  to  come  to  an  accurate  conclusion 
■luniiM.  respecting  the  atomic  weight  of  «liimii?<i-   \u.  it 
enters  as  a  constituent  into  a  great  number  of 
crystallized  mineral^  which  appear  to  be  definite 
combinations  of  acids  and  bases*   By  a  rigid 
analysis  of  these  minerals  in  a  state  oi'  purity, 
and  by  our  knowledge  of  the  atomic  weights 
of  all  the  other  constituents,  we  may  determine 
the  quantity  of  alumina  which  unites  with  a  deter- 
minate weight  of  the  add  in  the  mineral,  which 
will  give  us  the  atomic  weight  of  alumina,  or 
at  least  an  approximation  to  it   M.  Several  arti- 
ficial salts  exist,  containing  alumina  as  one  of  the 
constituents.    A  precise  analysis  of  these  saltSi 
in  a  state  of  purity,  must  lead  to  an  aocurale  de* 
temuiiation  of  the  saturating  power  of  aluuuna, 
and  consequently  give  us  its  atomic  weight  ^ 
Alumina  enters  into  definite  combinations  with 
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water,  and  Ibrnis  a  variety  of  hydrates  ;  a  precise 
sfulym  of  which  will  also  throw  considerable 
%ht  upon  the  atomic  weight  of  alumina.  Let 
us  see  what  number  we  shall  obtain  for  the  ato- 
mic weight  of  aluminai  deduced  in  each  of  these 
ways. 

I.  The  number  of  minerals  containing  alumina  ^-  From 
as  an  essential  constituent  is  very  considerable,  rftioiicr 
The  acid  substance  with  which  it  is  most  com-™*"** 
iDonlj  combined  is  silica*.  It  occurs,  indeed* 
combhied  with  phosphoric  acid,  fluoric  acid,  and 
mellitic  acid ;  but  the  mode  of  analyzing  such 
oombmations  is  still  too  imperfect  to  render  it 
safe  for  us  to  trust  to  them  for  determining  a 
point  of  such  importance.  Beryl  would  be  an 
excellent  mineral  for  our  purpose^  were  it  not 
that  tlie  atomic  weight  of  glucina  has  not  been 
yet  determined  with  sufficient  precision  to  al- 
low us  to  employ  it  in  investigating  the  atomic 
weight  of  alumiua*  I  shall,  therefore^  satisfy 
inyBelf  with  the  following  mineral  species,  all  of 
which  have  been  analyzed  with  much  care,  and 
in  a  state  of  as  great  purity  as  possible ;  but  I  . 
have  investigated  the  atomic  weight  of  alumina 
from  a  much  greater  number  of  species,  aud 
have  obtained  very  nearly  the  same  result  as  from 
the  species  which  we  are  going  to  examine. 
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1.  N£PH£L1N£. 

Nepheiine     Jt  wus  Stated  in  p.  177  of  this  work,  that  from 
the  late  anal3rsis  of  nepheline,  by  Arfwedson»  its 

constituents  are  as  follows  : 

Silica  .  44*11 

Alumina  .  33*73 

Soda  .  20*46 

Water  0-62 


It  was  shown  that  nepheUne  is  a  compouad  of 
3  integrant  particles  of  sflicate  of  alumina,  and  1 
integrant  particle  of  sesquisilicate  of  soda.  It 
was  shown  that  the  portion  of  silica  united  to 

the  alumina  wa^  i^U  i/  grains.  Now, 

29*17  (the  quantity  of  silica)  :  33*73  (the  alumina)  :  :  2 

Gives  (atom  of  silica)  :  2'Sl&6  =  atom  of  alamina. 

2-3126. 

2.  KAlirHOLITE. 

Kifpboitte  This  rare  mineral  occurs  in  tlie  Schlackeii- 
wald  in  Bohemia,  and  was  named  hy  Werner» 
from  the  resemblance  of  its  colour  to  straw.  It 
occurs  iu  very  fine  needles,  which  usually  diverge 
from  a  point  Its  specific  gravity  is  2*933 ;  it 
seems  to  be  riLtlicr  soft.  Stroraeyer,*  from  a 
very  careful  analysis  of  this  mineral,  has  given 
its  constituents  as  follows : 


*  UntmuchungeiH  1.  p.  410. 
• 
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oilica          .       .  . 

O  ft.  1   f  4 

Alumina 

Deutoxide  oi'  mangajoeie 

19160 

Peroflude  of  inxn  . 

8-890 

Lime  • 

0-271 

Fluoric  add 

1-470 

Water  . 

10-7WI 

^89 


98-79^ 

It  appears  from  Professor  Stromeyer's  experi- 
ments on  this  mineral^  that  it  is  usually  mixed 
with  particles  of  fluor  spar.  To  the  presence  of 
tkis  spar  in  minute  quantities,  I  have  no  doubt 
that  the  lime  and  the  fluoric  acid  found  bv  Stro- 
meyer  owe  their  origin.  It  is  true  tiiat  the  hme 
and  fluoric  acid  were  not  fbuAd  in  the  same  pro- 
portions as  they  exist  in  fluor  spar  ^  for  I  shall 
show,  in  a  subsequent  chapter  of  this  work,  that 
floate  of  lime  is  a  compound  of 

Fluoric  acid  1*25 
Lime        •  3*5 

4-75 

Bnt  the  accurate  analysis  of  this  mineral  is  at- 
tended witii  so  much  difficulty,  that  much  great- 
er errors  than  those  here  suspected  have  been 
committed  by  the  most  expert  analysts. 

The  manganese  was  obtained,  and  weighed  by 
Stromeyer,  in  the  state  of  deutoxide;  but  it 
must  have  existed  in  the  mineral,  in  the  state  of 

Vot.  1.  T 


piotoxide.  Now»  the  atomic  weight  of  pcotoxide 

oi' manganese  is  4*5,  and  of  dcutoxidc  5.  If  we 
reduce  the  manganese  in  the  mineral  in  this  pro- 
portion^ the  quantity  of  protoxide  will  be  l?*^ 

grains. 

The  peroxide  of  iron  is  probably  foreign  to 

the  constitution  of  the  mine  ml,  and  may  have 
l^en  introduced  by  percollatiqu. 

Now,  if  we  suppose  every  atom  of  alumina  to 
^e,  united  to  an  atom  of  silica,  and  every  atom  of 
protoxide  of  manganese  to  be  united  to  U  atom 
of  sUica,  we  shall  obtain  data  for  calculating  the 
constituents  of  the  mineraL  We  shall  consider 
an  atom  of  silica  as  2,  an  atom  of  alumioaas 
£-£5,  and  an  atom  of  protoxide  oi*  manganese 
as  4*5. 

(1.)  2-25  (atom  of  alumina)  :  2  (atom  of  silica)  :  :  28  (j()ll 
(alumina  in  the  mineral)  :  25-4SS  =  silica  united  t<j 
Uie  alumina. 

(2.)  4*5  (atcmi  of  protoxide)  :  S  (atom  and  half  fl€  silica) 
: !  17-244  (protoxide  in  Ae  mineral)  : 

lica  united  to  the  maDganese.  >  J'- ' 

But  «5*488  +  1  l*4G6  «  8fr979,  which  ^ipcecds 
the  whole  silica  found  ia  the  mineral  by  0*825 
grain ;  but  s-i  of  the  silica  is  united  to  the  fluuD- 

gancsG  :  consequently,  0-257  of  this  excess 
must  be  referred  ta  that  portion  of  the  silica. 
Iliere  remains  0*568,  which  must  be  $^I^i'^c|[^ 
f^pm  .tlie  25'4S3  gniius.  of  silica,  giytrfl  hy,  ^jieo^; 
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as  united  to  the  alumina;  so  that  the  quantity 
ef  ailica  actoaily  united  with  the  aiamiDa,  ae- 

Mding  to  Stromeyer's  analysis,  is  i^'915-  Now, 

24  915  :  28-66(}  :  :  2  (atom  of  silica)  :  2-3013  =  atomic  Gives 
weight  of  alumiol 

3.  HABMOTOME. 

This  mineral,  wliicb  occurs  in  a  state  of  gi*eat 
parity  in  the  lead  mine  at  Strontian,  in  Argyle- 
ihire,  was  found,  by  Klaproth,  to  be  composed 
of  the  following  constituents : 

Alumina  •  16 

Barytes  •  .  18 
Water      .        .  15 

Let  us  consider  this  mineral  as  a  compoilnd  of 
3  int^rant  paiticles  of  trisilicate  of  alumina, 
aii4l  integrant  particle  of  bisilicate  of  barytes. 
Then, 

(1.)  S-SS  (atom  of  alumina)  :  6  (three  atoms  silica)  :  :  l6 
'  (alumioa  in  the  xnioeral)  :  42*666     ailica  united  to 
'^^'alUmiai. 

r[(a^  9<ft  (afton  of  taytea) :  4  (two  atooui  ailida)  :  t  18 
(barytefi  la  the  tnioenl)  t  7*584  «  aOica.iuuted  to 

fiut  42f^666  +  7'S84  «  50-05  j  and  this  exceeds 
Ai^  mc^A' ibted  in  Ad  mineral  by  105  grain; 
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Gives 
22966 


The  silica  united  to  the  barytes  being  jth  of  tlie 
whole»  ith  oi  this  excess  must  be  ref creed  to 
that  portuuit  Thpre  remains  09»  which  moat 
be  subtiacted  from  the  4^*666  grains  of  silica, 
given  by  theory  as  united  to  the  alumina.  This 
being  subtracted,  leaves  11 -766  for  the  sihca  ac- 
tually combined  witli  the  alumina,  according  to 
Klaproth's  analysis.  Now, 

41*760 :  16  : :  6 :  i'29S5  =»  atomie  weight  ^  ahmiiiia. 

4*  M£IONim 


Mmomm  Of  tills  mineral,  which  occurs  uMMt  abundant- 
ly on  Monte  Somma,  near  Naples,  but  which 
has  been  found  also  in  other  places,  and  indeed 
is  probably  identical  with  scapoUte,  we  have  se- 
veral very  careful  analyses.* 

According  to  the  experiments  of  Dr.  L» 
Gmelili  of  Tabingen,  its  constttuenfa  are  as  fol- 
lows :t 


Silica 
Alumina 
Lime      •  • 
Soda,  with  some  lithia 
Oxide  of  iron 
Carbonic  acid  and  loss 


40-8 
SO-6 
22*1 
£•4 

10 
31 


1000 


*  Tbt  mineral  sadyted  by  ArfwedioDy  flrom  wfaidi  BcmUas  fa 
fait  nolioa  df  the  compovicion  of  tndonite^  was  obviously  a  Icuctte. 

^  sdiiMiggVf  XXV*  as* 
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By  comparing  this  analysis  with  the  two  follow- 
ing, it  wiD  appear  probable  that  the  alkali,  oxide 
olkon,  and  carbonic  acid,  are  merely  accidental 
ingredients ;  and  that  silica,  alumina*  and  lime* 
are  the  only  essential  constituents. 

Let  us  consider  meionite  as  a  compound  of  ^ 
iotegrant  particles  of  silicate  of  alumina  and  1 
iQtegraut  particle  of  silicate  of  lime ;  and  let  us 
cskulate  its  constitution* 

(i.)2'25  (atom  of  alumina)  :  2  (atom  of  silica)  :  :  30*6  (alu- 
mina in  the  mineral)  :  27*2  =  silica  united  to  alu- 
mina. 

(2.)  S*5  (atom  of  lime) :  2  : :  22*1  :  (lime  in  the  mineral)  : 
18*6^  »  silica  united  to  the  lime. 

Bat  97*»  +         -  89*82.     Now,  the  silica 

actually  found  in  the  meionite  exceeds  this  by 
0*98  grain. 

The  silica  united  to  the  lime  amounts  to  ,^^5^^ 
of  the  whole  ^  consequently,  ^^th  of  0'98  or 
0*311,  belongs  to  the  silica  united  to  the  lime. 
There  remains  0-6G9,  which  being  added  to  the 
t]%  makes  27*869  for  the  silica  united  to  the 
alumina  in  meionite  by  Gmelin's  analysis.  Now 

27*869  :  30  G  ;  :  2  :  2*196      atomic  weight  of  aiumiuu. 

Professor  iitromeyer  analyzed  some  very  pure 
specimens  of  meionite  from  Monte  Somma^  and 

iouQd  tlie  constituents  as  toUows:* 


•  Uolenuchunipt^  I.  ^BO. 
T3 


» 


Silica          .       •       .  40-6S1 

AlunmiR     .       .  92>'7ii6 

Lime               .  S4S4iS 

Poladi  with  tone  wda  1  'Sid 

Oxide  of  iron      *      .  0*182 

99-^9^ 

Here  the  alkali  differs  both  in  quantity  and  kind 
from  tliat  found  hy  Gmelin,  and  the  oxide  of 
iron  18  not  quite  fth  of  the  quantity  obtaiuM  hj 
that  cliemist.  Let  us  calculate  the  cooiposition 
of  this  mineraly  on  the  same  supposition  as  we 
made  when  calculating  the  result  of  Gmelin'& 

(1.)  2-25  :  2  ;  :  32  72G  ;  29  08  =  silica  united  to  the  illl- 
mina. 

(2.)  3*5  ;  £  : :  24*245  :  13  854  »  giUca  united  to  lime. 

But  ^*08  +  13-854  »  4£*^  which  exoeedt 

tlie  silica  found  in  the  mineral  by  2*403  grains. 

The  silica  united  to  the  lime  id  s^th  of  the 
whole.  Now  j^th  of  2'403  is  0777,  ^ich  ^ 
ing  subtracted  from  2*403  leaves  1*626  to  be 
taken  fiom  the  S908,  making  27*454  for  the 
amount  of  tlie  sUica  actually  united  to  tlie  alu- 
mina* Now, 

27*454  :  32*726  :  :  2  :  2*3841  »  atomic  weight  qt'  al^iruiiA. 

Professor  Stromeyer  likewise  analyzed  a  spe- 
dmen  of  meionite  from  Sterziog  in  the  Tjtol, 
and  found  its  coustiituents  as  ibllows 

4 

*  Untenttcbuogen,  I.  bOO, 
16 
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Sflica      ....  39*915 

AlumNui        •  51^70 

Lfane                   .  SS*8Se 

Potash  with  some  soda.  0  8() 4 

Protoxide  of  iron      .  g  24-2 

Protoxide  of  manganese  0*1 74 

Water           *      •  0^ 

100*000 

The  variation  iu  tlie  proportion  of  alkali  and  ox- 
ide of  iron  is  equally  conspicuouSviu  this  analysis. 
Let  us  calculate  the  constitution  of*  the  mineral 
on  the  fojrmer  supposition. 

(I.)  2-25  :  2  :  :  31*97  :  S8*417  s  sHicsi  united  to  alumina. 
{%)  S-S  :  2  :  7  U9'856  :  13*63£  ss  silica  united  to  lime. 

Bot  S8«417  + »  42«(H9,  which  exceeds 

tlie  quantity  of  siUca  present  in  the  mineral  hy 

The  silica  united  to  the  liine  is  ^—th  of  the. 
ihile.-  iNow  s^th  of  m  O  iH)  ^  wkd  2-l34» 
""^yOd  1 4449  which  must  lie  subimoted  &om, 
the  1^-417,  leaving  2G-y73.  And 

:  SI  97  :  «^  3  !l*S705  »  alomie  weight  of  ttbuftllMi. 

nave  obtained  three  difierent  atomic 
Weights  of  alumina,  namely, 

1.  fVdm  CnDeHnTs  rnialysb       .  2*1960'  ' 

i&  Fim  Stromeyer's  analytia  of  Monte  Somma 

From  ditto  of  Tyrol  meionite      .  2'3705 

3  )  6  9506 

^  Oim 

Mean  S*Sl6S 
T4 
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5.  SCAPOLIXE. 

So^te  We  have  a  very  careful  analysis  of  this  mineral 

in  a  state,  apparently,  of  great  purity,  by  Mr. 
NordenskidlcL*  He  found  its  constituents  as 
fdlows : — 

^ '  Silka  43*83 
Alumina  .  35*43 

Lime  .  .  18-9^ 
Water      .      .  1*03 

The  only  diflferenoe  between  the  composition  aS 

ineionite  and  scapolite  seems  to  be,  that  the 
former  contains  only  2  integrant  particles  of  sili- 
cate of  alumina  united  to  1  integrant  particle  of 
silicate  of  linie,  wiiile  the  latter  contains  3. 

Let  us  calculate  the  constitution  of  this  mineral 
ou  tiie  i>aine  supposition  as  of  meionite : 

(1.)  2-25  :  2  :  :  35-43  :  31*049  =  silica  united  to  alumina. 
(2.)  3*5  :  2  : :  18*96  :  10  834  «  silica  united  to  lime. 

Now,  31-04.9  +  10-884  =  41-883,  which  is  less 
than  the  silica  found  in  the  mineral  by  1*9^7 
grain.  Of  this  surplus,  ith,  or  U.  187  must  be  unit- 
ed to  the  lime— the  remaining  1*460  grain  must 

be  added  to  the  31-049,  making  32-409.  And 

o;d-409  :  35-43  :  ;  2  :  2-0560  =  atomic  weigiit  ot  aiumina. 
*  Bidrag  till  Nnmare  Kiianeduuiaf  Finland  s  MincraUtf  ocb  Oeogpo- 

•ic^pksa 


Gives 

s-oseo. 
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This  mineral  was  analyzed  with  great  care  bySooinii^ 
Gehien  and  i^'uchs,  whO|  from  a  mean  of  many 
trials,  state  its  constituents  as  follows : 

SOIoi  4H 

Alumina  .  .  •  85'7 
Lime  ....  14^2 
Water    .      .      .      «  13*6 

100*0 

I  have  analyzed  various  specimens  of  scolezite ; 

but  only  one  of  them  was  quite  free  froni  socia, 

and  its  constituents  were  almost  exactly  the  same 
as  those  found  by  Gehien  and  Fbclis*  In  the 
other  specimens  the  quantity  of  soda  varied  from 
0*5  to  1*5  per  cent ;  showing  that  the  mineral 
contained  a  mixture  of  iiatrolite. 

Let  us  suppose  that  scolezite  is  a  compound  of 
3  integrant  particles  of  silicate  of  alumina  and  1 
integrant  particle  of  trisilicate  of  lime»  with  3 
atoms  of  water,  and  let  us  see  what  its  constitu- 
ents will  be  on  that  supposition. 

M5  :  S  ; :  125*7  :  22*844 silica  united  to  alumiiuu 
S*ff :  6     14^ :  24*34SS     silica  united  to  lime. 

Now,  22-844  +  24.-3428  =  47-1868,  which  sur- 
passes the  silica  actually  found  in  scolezite  by 
»6868. 

The  Silica  united  to  the  lime  is  jr^  of  the 
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wbole  i  and  j^d  part  oi  0  (iS(  18  =  0-3557.  This 
being  subtracted  from  0*6868  leaves  08811» 
whidi  must  be  taken  from  gS*844,  leaving  ^-513 
ibr  the  silica  actually  combined  with  the  alumi^ 
na  in  the  mineral.  And 

Givn 

2^1.     22-513  :  2jr7  : :  2 :  MSSl the  atsmie  tned^  sf  akimauu 

7.  BUCHOLZITE. 

Buchokitt  From  the  account  of  this  mineral  given  in  page 
175  of  this  work»  it  appears  that  its  constituents^ 
according  to  Brande's  analysis,  are  as  follows : 

Siltm     .     .     .     .  46 

Alunmia         •      .      .  50 

Oxide  of  iron  .       .       .        2-5  '  ' 

PoUsh     •       •      .      .        1*5  ' 

100-0 

■ 

And  that  the  silica  united  to  the  alumina  in 

this  mineral  is  44*o91  grains.    Now,  / 

Gives 

2-2527.:  44-S91 :  50 : :  2  :  2*2527  =  an  atom  of  alomuML 

8.  LBUCim 

Leuciie    This  mineral,  which  abounds  so  much  in  the^ 
neighbourhood  of  Mount  Vesuvitis,  and  whicti 

always  occurs  crystallized,  was  found  by  Arfwed-  . 
son  to  be  composed  of  \ 

Silica     .       ,       .       .        56-1  , 

i 

Alumina       .      •      «  23*1 
Potash  .       .       .  21-15 

Oxideofiron       .      »  0*95 

101-3 
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Let  us  calculate  tl&e  compositioti  of  this  mine^ 
ral»  on  the  suppositEon  that  each  of  the  three 

bases  are  combined  with  two  atoms  of  silica,  con* 
sdtatiog  as  mmy  bisUicates : 

(1.)  9-25  :  4  : 23*1 :  41-066  -  silica  united  to  a^1lIIliIUu 
(3.)  6:4:;  £1*15 1  14'1  —  tfUcA  united  to  potuh. 

(3.)  4*5  :  4  : :  0*95  :  0*844  ^  silica  united  to  iron.  . 

Now,  41UG6  +  14-1  +  0-844  =  56*01,  which  is 
less  tbaa  the  silica  actually  found  in  the  mineral 
by  0-09  gnun. 

The  silica  united  to  the  potash  and  the  iron 
amounts  to  s^^th  of  the  whole.  The  s^th  of 
(K)9  is  ()*024,  which,  being  subtracted,  leaves 
0*066  to  be  added  to  ^lO&if  in  order  to  have  the 
alica  actually  united  to  the  alumina  in  the  mine- 
ral»  it  will  amount  to  41*132  grains.  And 

4i*iS2  s  SS'l :  s  4  <  £'2464  =■  atonic  weigbt  of  almina.  Ohw 

Q.  THOMSONITE.  ' 

This  iniiieral,  which  hitherto  has  been  found  J*>«»soii, 
only  in  the  Kilpatrick  hills,  near  Glasgow,  and 
wliich  had  been  considered  as  a  mesotype,  has 
been  constituted  into  a  new  species  by  Mr. 
Brooke,  on  account  of  the  peculiar  form  of  its 
primary  crystal.  I  made  a  very  careful  analysis 
of  this  mineral,*  and  found  its  constituents  as  fol- 
lows: 

*  Annals  of  Pliilu&u^jhy,  XVI. 
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Silica 

56*8 

Alunuiia        •  • 

31-36 

Lime     •       •  • 

15-4 

Magnesia 

0  5 

Ftorazide  of  iron 

0*6 

97-36 

Let  U8  consider  it  as  a  compound  of  three  inte- 
grant particles  of  silicate  of  alumina  and  one  in- 
t^^rant  particle  of  silicate  ui'  lime,  together  with 
H  atonis  of  water ;  and  let  us  calculate  its  com- 
position according  to  tliat  opinion. 

(1.)  2-25  :  2  :  :  31-36  :  27*875  =  silica  united  to  alumina. 
(2.)  3*5  : 2  :  :  15*4  :  8*8  «  silica  tiiiited  to  lime. 

Now,  27'S75  -4-  8-8  «  86-675,  which  is  less  than 
the  silica  found  in  the  mineral  by  0*175  grain. 

The  siUca  united  to  the  lime  is  ith  of  the 
whole*  Now,  Iths  of  0*175  »  0*199,  which  must 
be  added  to  the  27*875,  in  order  to  liave  the  si- 
lica actually  united  to  the  alumina  in  the  vmo- 
ral ;  this  makes  88*007.  And 

S8'007  :  31-d6 : :  S :  MSgS  »  atomic  iv«ight  of  alnnui*' 

,     10.  TSfATRCfUTB* 

Natroiite  This  mineral,  which  corresponds  with  the  nu^so- 
type  of  Brooke,  was  analyzed  with  great  care  by 
Gehlen  and  i'uchs.  They  found  its  composition, 
from  a  mean  of  many  experiments,  as  follows : 


Digitizer  by  Google 


ALUMINA. 


301 


Silica 
Alumioa 


48 

26-5 

9-5 


Soda 
Water 


100*0 


I  analyzed  a  beautituUy  crystallized  and  pure 
flpedonen,  which  I  received  from  Mr.  Heuland, 

and  found  its  couipositioa  almost  identical  with 
the  preceding  analysis. 

Let  us  calculate  the  composition  ui  this  niine- 
iai»  on  the  supposition  that  it  is  a  compound  of 
3  integral  particles  of  dilicate  of  alumina,  and  1 
integrant  particle  of  tnsilicate  of  soda,  with  2 
atoms  of  water. 

fli)        :  2  : :  86*5 :  28'555     silica  united  to  alomina. 

(2.)  4  :  C  :  :  16'8  :  84*3  «  silica  united  to  soda. 

Now,  23'555  +  24.'3  —  47'855,  which  is  less 
dian  the  silica  found  in  the  mineral  by  0*145 
grain.  One  haU  of  the  siUca  being  united  to  the 
lime,  it  is  obvious  that,  in  order  to  have  the  true 
quMitity  of  silica  united  to  the  alumina  in  natro- 
lite,  we  must  add  0  0726  to  tlie  23*555  grains, 
pven  by  theory.  And 

,  85^75  : 25*7 : :  8  :  8*1754  »  alomic  weight  of  almmioa.  ^'IWk 


Febpar  consists  essentially  of  silica,  combined 


11.  F£LSPAE. 
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mth  ahimitia  of  potash.  It  has  been  often  ana- 
lyzed J  but  the  different  results  obtained  do  not 
well  agree  with  each  other.   The  reason  is»  that 

felspar  almost  always  occurs  in  granite,  which  is 
a  compound  rock  ^  and  the  other  coustituentBy 
doubtless^  mix  themselves  with  it  in  greater  or 
smaller  proportions.  According  to  the  analysis 
of  felspar  by  Rose,  which  is  one  of  the  latest 

and  most  careful  thai  have  been  made,  the  con- 
stituents of  felspar  are  as  follows :  ' 

€&7$ 

17-50 
12-00 
1-25 
0*75 


98-25 

Let  us  suppose  that  all  the  bases  aie  combined 
with  silica,  and  in  tlie  state  of  trisilicates,  except 
potash,  which  is  a  quadrusiiicate  j  apd  let  «8 
calculate  its  constitution  according  to  that  sup- 
position. 

(1.)  2-25  :  6  :  :  17*5  :  4t6'666     silica  united  to  alumina. 
(2.)  6  :  8  :  :  12  :  l6  =  silica  united  to  potash. 
(3.)  S-5  :  6  : :  1*25  :  2*143  »  biUca  united  to  lime. 
'  (4w;  4*5  : 6 : :  0*75  : 1  «-  iSHca  muted  to  oxide  of  inS^ 

Now,  46*666  +  16  +  2-143  +  1  *  65-809t  wiiich 

is  less  thuii  the  sihca  in  the  mineral  by  0*9^1* 
The  silica  united  to  the  potash,  lime,  and  iron, 


Alumiaa 

Potash 

Lime 

Oiude  of  iron 
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amounts  to  T-WrTvtb  part  of  the  whole*  And  the 

S  TTTTzth  part  of  0-941  -  0273,  which  being 
taken  from  0*941  leaves  0*668,  which  must  be 
added  to  the  46*666  given  by  theoiy.  Now 

47^4 : 17*5  tiOi  8-818S  =^  Atomic  weight  qf  alumiiM.  owcs 

Albite  is  a  name  given  to  a  mineral  which  was  Aibite 
long  confounded  with  felspar.  Eggertz  *  first 
pointed  it  out  as  a  distinct  mineral ;  it  was  aflter- 
wards  analyzed  by  Stromeyer  from  Chesterfield 
in  North  America,  by  whom  it  received  the 
name  of  kicseispath.f  Mr.  Brodcea  has  called  it 
deacelanditeX  Rose  has  given  a  minute  descrip- 
iion  of  the  crystals  of  this  mineral,  which  difler 
a  good  deal  from  those  of  felspar* 

Stromeyer  found  an  uncrystallized  specimen 
from  North  America  composed  of 

f.,    ,       Saic»         .      .      .  70-676 
AliuniQA  .  19-801 

'      '  Sodft         .      .      .       9  056 
'      Lfme         .  .  O^H 

Oxide  of  iron  and  manganese  0*1 1 T  • 


9^-879 

Rose  found  the  specific  gravity  of  albite  to 
vary  .from  ^-608  to  ii*6l9.  The  couslituents  of 
the  crystals  he  found 


'( Jll 


AfbandUngwr,  V.  p.  27.       f  Untcrsuchuogen,  300. 
\  Iotntducd(m  to  Crys^l^grapby,  p.  4fdS. 
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SiUc«       .  68-46 

Alumina  .  19*80 

Soda        .  912 

Lime       .  0*68 

Oxide  of  inm  0*£8 

Let  118  suppose  the  bases  combined  with  silicon 

in  the  state  of  trisilicates,  and  let  us  calculate 
the  oompositioii  on  that  supposition  from  Rose's 
analysis. 

(1.)  MS  iSii  19*8  :  51*466  s  silica  united  to  almniiia* 

(2.)  4  :  6  : :  9  \  '2  :  io-6S  =  silica  united  to  soda. 
(3.)  3-5:6::  0  ()8  :  1-165  =  silica  united  to  lime. 
(4.)  4-5  : 6  s :  0-£8  :  0*S73  =  nlioa  united  to  protoxide  of 

iron* 

Now,  51-466  +  13-68  +  1-165  +  0-373  =  66-684, 
whidi  is  less  than  the  silica  in  the  mineral  by 
1*776  grain.  -  It  is  not  improbable  that,  if  the 
I08S9  amounting  to  rather  more  than  two  per 
cent*,  and  which  was  more  likely  to  fall  upon  the 
bases  ^atLthe  silica,  had  not  taken  places  this 
excess'^fsilica  would  not  have  occurred  in  our 
calculation.  But  let  us  see  what  the  atx)mic 
weight  of  alumina  will  be,  supposing  the  analy« 
sis  accurate. 

The  silica  united  to  the  soda,  lime,  and  oxide 
of  iron  is  ^  It  part  of  the  whole  ;  and  ».fr  pirt 
of  1 776  =s  0*655,  which  being  taken  from  1'776 

*  GiUMitV  Anmlsm  LXXIII.  188. 
9 
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leaves  Irldl  to  be  added  to  tlie  ^1*466  given  by 

theory.  Now,  52-587  :  19-3  :  :  6  :  2-20^  «  ato-^ 
mic  weight  of  alumina. 

The  1%  preceding  minerak  constitute  a  suffi* 
cient  number  to  enable  us  to  approach  pretty 
nearly  to  the  atomic  weight  of  aiumina.  That 
weight  comes  out  somewhat  differently  from  each 
mineral.  This  may  be  partly  occasioned  by 
small  errors  in  the  analyses;  but  it  is  owing 
chiefly  to  impuiities  existing  in  the  specimens 
analyzed,  the .  presence  of  which  we  have  no 
means  of  determining.  If  a  mineral  contains 
mixed  with  it  some  silica^  or  a  portion  of  any 
ttone  containing  more  silica  than  itself,  the  ato- 
mic weight  of  the  alumina  will  come  out  too 
Ughk  The  contrary  will  be  the  case,  when  the 
mineral  contains  an  excess  of  alumina,  or  of 
a  stone  containing  more  alumina  than  the  speci- 
men now  under  examinatioiK  An  aceinata 
knowledge  of  tlie  rock  iioni  wiiich  the  specimen 
was  taken,  and  of  the  asiiierals  accompanyiiig 


matter  most  likely  to  be  present.  But  this  has  not 
yel  been  sufficiently  attended  to  nneanwhile^ 

it  is  probable,  that  the  errors  in  the  atomic 
weight  of  alumina,  resulting  from  these  foreigii 

Blatters,  will  be  on  different  sides  in  different 
analyses  ;  consequently,  the  mean  atomic  weight 
from  all  the  twelve  analyses  given  above  will 
come  near  the  truth.    Let  us  therefore  see  what 

V  ou  I.  u 


it,  might  throw  some 


ao6 


atomic  weight  of  dumiua  will  be  derived  iioin 
that  lueffin.  '  . 


}^  flpj^^  g\y»,thB  9$iomc  weight  2;3126 


S.  Karpholit^ 
S.  1  K(>  iiintoiue 

4.  Aieiomte  • 

5.  Scapolhe  *  • .  ' 
(i.i&»leiilie'  L'/^i 

8*  Xencite    .  • 


9«  T  fioin.'^onite 
10.  N'atrolite 
U.  Felspar 
]f*Albito- 


2-9085 ' 
2-3168 

.  '2-1754 
££]SS 

^   ■  i' 


I 

'  r 
* '  / 

■111 


<  I 


Atomic  weight  of  alamiDa 


S-24205 


'  The  Header  will  obsmre  that  the  gseaiot 
fltbmie  ^ireight  of  alumiiia  b  deduced  froi»  nnnEi** 

ite,  and  amounts  to  2%3l68,  which  is  very  &P 
short  t>f  S-37^>  the  iilonuc  weight  pitofaed  Up 
by  Mr.  rtiilHps.  The  least  weight  is  2^0580^ 
which  is  derived  from  scapoiite*  ' 
"Upon  the  whole,  the  atomic  ^n^ight  Hit  alu- 
mina derived  from  the  constitution  of  diese  miu^' 
ends,  though  it  would  be  bazardouBMtpicemidcr 
it  as  qiiHe'esacI,  cannotbe  vetyAt'-Aodik-^At 
truth — ^and  it  ddiers  tjcoai       by  aiv^^isoiall 

9.  From     IftMStiODi   '■  mot 

II.  The  aluminous  salt  most  easily  obtqioad* 


of  alum. 
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ifta  slate  of  purity y  . and  iii  regular  crystals  iitioc 
mfnm«tion»  is  ahm.  Of  this  triple  aidtiihem 
are  several  species ;  for  it  consists  of  a  certain 
number  of  iat^;rant  particles  of  sulphate  of  alu- 
mina combined  with  sulphate  of  potash,  or  sul« 
pbate  of  soda»  or  sulphate  of  amtpopiOv  or  sul- 
piitte.of  magnesia*  and  perhaps  of.  some  other 
soluble  sulphate  which  I  iiave  not  tried.  The 
crystals  of  alum  consist  of  r^;uiar  ootahedrons^ 
and  neither  the  figure  nor  the  taste  of  the  salt  is 
altered  by  substituting  any  of  the  aboye  named 
nlphates  for  the  others.   The  species  of  atum 
which  I  chose  as  upon  tlie  whole  of  easiest  ana- 
lysis and  capable  of  being  obtained  with  thei 
greatest'  ftciBty,  was  the  common  ahmi  of  this 
country,  composed  of  sulphuric  acid,  alumina, 
potash,  and  water,  or  of  sulphate'  of  alumina 
and  sulphate  of  potash,  united  together  with  a 
certaiD  %uantity  ot  water  of  crystaliiz^tkm*  ^As 
the  analysis  of  this  salt  was  attended  with  consi* 
demble  difficulty,  but  was  made  with  the  utmost 
pMU^  attention  to  precision,  it  will  be  prqier 
to  giv  e  a  somewhat  detailed  account  of  it* 

1.  60*87$  grains  of  pure  alum  crysUls  were 
dialvedf  In  hot  waiter,  and  the  liquid  was  mixe4 
witha  solution  of  53  grains  of  chloride  of  barium, 
▲double  «decompositum  immediately  took  place* 
jW  Bulphate  of  baiytes  precipitated  to  the  bot- 
U)ai :  when  the  supernatant  liquid  had  become, 
tempftfontlaad  oebiirtesa,  it  was  tested  by  sul- 
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phateof'soda  and  mnriaLe  of  barytcs,  but  was 
not  affected  by  either ;  showing  tliat  it  contained 
no  sensible  quantity  of  barytas  or  sidphuric  acUL 
It  follows  from  tins  experiment,  that  the  sulphu- 
ncBcid  in  &>&Jd  grains  of  ahnn  is  just  satufiited 
by  the  barytcs  from  53  grains  of  chloride  of 
baiium^  But  53  is  equal .  to  13*^  x  ^  ^  and 
13*95  grains  of  chloride  of  barium  require  just 
5  grains  of  sulphuric  acid  tu  saturate  all  the  ba- 
ly tes  which  they  yield.  It  is  obvious  from  thiiy 
that  60'875  grains  of  alum  contain  exactly  80 
grains  of  sulphuric  acid. 

9.  grains  of  alum  crystala  wer?  put 

into  a  platinum  crucible,  winch  was  left  for  an 
hour  on  a  hot  sand  bath.  After  it  had  been  re- 
duced to  the  state  of  burnt  alum  by  the  loss  of 
its  water  of  crystallization,  it  was  introduced 
into  a  wind  furnace,  and  kepi  for  an  hour  in  a 
bright  red  heat.  The  loss  of  weight  sustained 
was  43*6^  grains. 

The  alum  thus  treated,  was  digested  in  dis- 
tilled water,  and  then  thrown  upon  the  filter. 
The  alumina  left  upon  the  filter  was  washed 
till  the  liquid  whicii  passed  through  ceased  to 
precipitate  muriate  of  bary  tes.  The  liquid  which 
passed  through  the  filter  was  concentrated  on 
tlie  saud  hatli,  Mud  then  precipitated  by  muriate 
of  barytes.  The  sulphate  of  barytes  obtained, 
after  being  washed,  dried,  and  heated  to  redness, 

weighed  13*28  grains,  which  is  equivalent  to 
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4v3(Vlf  grains  ot  sulphuric  acid  ;  it'  we  atkl  this  to 
the  ongiaal  lois,  we  obtain  gcaias  tor  .the 

Moonnt  of  the  water  and  sulphnric  acid  in 
(k)'875  grains  of  alum.  Deductiug  the  ^  grains 
of  suipburic  add  which  we  know  to  be  presents 
Aere  remain  grains  £ar  the  water  of 

cr}'staiiizatiou* 
But  an  integrant  partide  of  water  weighs 
and  11  X  '25  =  1\S1  25.  From  this  it 
is  obvious,  that  GO'SJd  grains  oi'  alum  contain 
28'ld5  grains  of  water,  which  is  equivalent  to 
2j  atoms. 

3.  60*875  grains  o(  alum  ciystals  were  ex- 
posed in  a  platinum  crudble  to  the  heat  of  the 

sand  batli,  and  atterwards  to  a  dull  red  heat  for 
an  hour.  Distilled  water  was  poured  upon  the 
residual  matter  in  the  crucible  in  successive  por- 
tions, and  digested  on  it  till  it  ceased  to  take  up 
any  thing ;  this  water  being  evaporated  to  dry- 
ness, left  11  grains  of  sulphate  ol  potash.  Hence, 
^'^75  grains  of  alum  contain  6  grains  of  pot^ 
ash.  We  see,  too,  that  one-fourth  of  the  sulphu- 
ric acid  is  united  to  the  potash :  tlie  remaining 
Afee-fourths  must  be  in  combination  with  the 
alumina. 

4.  To  obtain  the  alumina,  60*87^  grains  of 
alum  were  dissolved  in  distilled  water,  and  to 

the  solution  was  added  the  quantity  of  carbonate 

of  potash  just  necessary  to  saturate  15  grains  of 

sulphuric  acid.   The  experiment  was  repeated 

us 
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with  carbonate  of  soda  and  carbonate  of  ammo- 
nia. Six  experiments  made  in  this  y^$y  gave  the 
mean  quantity  of  alumina  from  60*875  grains  isf 
alum,  equal  to  6*746  graius  j  but  the  true  quan- 
tity is  obviously  6*7^  gi*ains :  because  this  ^mM 
addition  is  necessary  to  complete  the  weight  of 
4healum. 

From  the  preceding  detail  it  is  eviiient  that 
alum  is  composed  of 

t      M  • 

Sulphuric  leo 
Aluniiui     ,  6'7$ 
Potaah       .  6 
Water        .  28-125 

60*87^ 

One  integrant  particle  of  the  sulphuric  add  is 

united  to  the  potash,  and  three  to  the  alumina. 

is  obvious  irom  this^  ttiat  67^  must  represeot 
the  weight  of  three  atoms  alumina.  Consequents 
ly,  tlie  weight  oi'  aluuiiiia  is  '-p  «  2'25.      .  V 

The  composition  of  alum  may  be  stated  some- 
what differently.  For  it  is  ub\iuusly  coui^jteei 
of 

•  Jl;  I'll 

a  atomi sulphite  of  alumiiM  "e^i*?^ 
1  atoM  sulphite  of  potash  .  »  11  •  .  ,   m;  c 
a^atams  Viler       «         »98«ifi5  . 

60-87^ 

The  analysis  of  alum  just  given  was  made 
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iii^,i}l|ri(ig  the  Course  of  the  aummer  of  18^1, 

and  was  repeated  so  frequently  that  I  considered 
lilj^eli  as  quite  certain  of  its  accuracy.  £ut 
«ftec,  Mr.  Phillips  published  hi»  experiment  on 
sulphate  of  ^lujDninaj,  and  his  suspicion  that 
fi'Sji^.^W9S  true  weight  of  an  atom  of  alu- 
mina,  I  resolved  to  repeat  the  whole  again. 
^P)i8  J,  accQi'dingly  did  during  the  ,  summer  of 
1893.  The  result  which  I  obtained  may  be  con- 
sidered as  absolutely  identical,  for  the  only  dif- 
ferences took  place  in  the  seoond  decimal  place ; 
and  the  ratios  of  the  constituents  of  alum  de- 
duced from  this  second  analysis,  did  not  de- 
viate TiArvth  part  from  those  of  the  preceding 

aualysis.  • 
li'  the  weight  of  alumina  were  8*8^76  instead 

cif '2-25,  we  should  obtain  from  GO'875  grains  of 
alum  no  less  than  10*125  grains  alumina,  iii> 
j^d  ^6f  167^,  which  I  obtained;  so'that  I  mu^t 
nave  lost  more  than  30  per  cent,  of  the  alumina'; 
which,  firom  the  care  with  which  the  estperftfnedt 
was  made,  1  consider  as  impossible.  "  *  * 
"'B(k  my  analysis  of  alum  is  conoborated  and 
confirmed  by  the  analysis  of  this  salt  made  pre- 
viously by  JSerzelius.  When  we  correct  his 
statements  by' means' of  the  more  accurate  data 
given  in  this  work,  his  analysis  of  alum  is  as 
tbUows:*^  * 

•  Atuu  dc  Cltitii.  LXXXII.  25a 
U  4 
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bulphurkacid  33*85  or  20*6a6o 

Alunina      .  10-86  -  6-5958 

Potash  9*90  *  6-0266 

Water         .  4500  -  27*39^ 


Loss 


60-6224 
0-2526 

60*8750 


Accoirduig  to  this  analysis,  3  atoms  of  alumina 
weigh  6'595S.  Consequently,  the  weight  of  the 
atom  of  alumina  is  2*1986»  which  is  a  little  kss 
than  the  result  of  my  analysis  of  alum. 

In  a  subsequent  chapter  of  lIus  work,  when 
I  come  to  treat  at  the  salts  of  alumiiia»  it  will  be 
seen  that  the  atomic  weight  of  alumina  just 
given,  is  corroborated  by  many  other  aluminous 
salts  which  have  been  subjected  to  examinsp 
tion. 

Mr.  piiiu  Mr.  Phillips'  opinion,  that  the  atomic  weight  of 
Motj^  alumina  is  9*375,  seems,  as  far  as  I  can  judge, 
X^alll!  to  be  founded  on  the  following  experiment.  He 
found  that  when  moderately  diluted,  sulphuric 
acid  was  digested  i'or  a  long  time  upon  an  ex- 
cess of  recently  precipitated  alumina,  till  it  re* 
fiised  to  take  up  any  more ; — the  liquid,  whea 
iiiteaed,  had  a  tendency  to  precipitate  a  peculiar 
sulphate  of  alumina  in  white  flocks ; — the  liqui4» 
when  dropped  into  water,  rendered  it  milk),  and 
a  white  sediment  was  deposited.    He  analyzed 
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this  sulphate  of  alumiaay  and  luuiid  it  composed 
of 

Snlpharie  add  40 
Alumina  40*8S* 

This  he  considers  as  inconsistent  with  being 
tbe  atomic  weight  of  alumina.  But  if  d*37d  be 
the  atomic  wcijj^ht  of  that  earth,  he  conceives 
that  his  salt  was  a  compound  ot 

2  atoms  sulphuric  add    10        or  40 

3  atonis  alumina      •     10*125    -  40*6 

But  this  is  not  the  only  view  of  the  subject 
which  may  be  taken. 

I  may  observe,  in  the  first  place,  that  alumina  s^tpiMMd. 
is  a  much  weaker  base  than  any  of  the  other 
earths  or  alkaluie  bodies  treated  of  in  tlie  pre- 
ceding chapter.  Now,  it  is  a  remarkable  cir- 
cumstance, which  has  been  particularly  illustrated 
by  Berzelius,  that  weak  bases  have  the  property 
of  combining  in  a  much  greater  number  of  pro- 
portions with  acids  than  strong  bases.  I  have 
ascertained  by  experiment  that  alumina  and 
sulphuric  acid  may  be  united  in  three  propor- 
tions ;  namely, 

1  atom  add  +  1  atom  domina 
1  atom  add  +  S  atMns  dmniiia 

1  atom  acid  -j-  3  atoms  alumina 

•  Jkmah  of  MlMopb  J  (^teood  mks)  I V.  280. 
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The  first  of  these  salts  constitutes  common  sul- 
phate of  aluuuna,  and  it  is  an  e«sealiM  ^wojiU- 
tuent  of  alum.  The  third  of  tlieae  salts  is  the 
mineral  found  in  Sussex  and  other  places,  and 
koowa  bj  the  name  of  aluminite.  For  Stio- 
ineyer  has  shown  that  it  is  a  compound  of  1 
atom  sulphuric  acid,  3  atoms  alumina,  and  9 
atoms  water.   If  potash  be  poured  into  a  boiJjqg 

hot  solution  of  alum,  an  earthy  precipitate  falls, 
precisely  similar  in  its  nature  with  the  substance 
which  chemists  formerly  called  alum  saturated 
wiA  its  earth.  This  precipitate  is  a  compouad 
of  1  integrant  particle  of  aulphate  of  potastv  ^ 
S  integrant  particles  of  trisulphatc  of  alumina,  ai 
was  first  proved  by  Riffault^  1  find  tliat  the 
second  of  these  salts,  to  which  I  give  the  WW 
of  disulphate  of  alumina,  may  be  obtained  by  a 
process  similar  to  tlie  one  followed  by  Mr.  Phil- 
lips ;  but  not  carried  so  far.  It  is  soluble 
water,  and  still  possesses  an  astiiogeut .  a}i(i 
sweetish  sour  taste.  . .  < 

Mr.  PhiHlps'  salt  was  a  mixture  or  compound 
of  disulpiute  oi  alumina  and  trisulphate  of  fd^- 
mina,  in  thd  proportion  of  8  atoms  of  the  fona^r 
salt  to  1  atom  of  the  latter.  It  wa3  the  Uisul* 
pbate  which  precipitated  when  the  solutim 
poured  into  water ;  and  it  was  its  tendency  40 
lali  down  that  explains  th&  piienomeii4i  whi^ 

•  Ann*  <k  Chim.  tt  ck  Fkyu  XVI.  •  ♦  ' 
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Mr.  Phitlips  considers  so  unaccouutable.  I 
need  batidy  dbsenre  tiiat 

•mMUUO  ACIO.  AUHHM** 

SatoiAsdisulplMte  oontam  '      15     «f   19-5  ' 
'  1  atom  trisUl^lltttt    '  .  '  '  .      5  '  +'  • 

T9!ua         ,  20     +  «0-«5 

NoWy  this  is  equivalent  to  * 


Sulphuric  acid  40 
Alununa  40*5 


i-4liel  very  theoretic  proportions  ivhich  Mn 

PhilKps  deduces  from  an   erroneous  atomic 
iieiglit  of  alumina. 

*  IH-  When  alumina  »  preci(»tated  from  «n3.  Fnmi^ 
alkaline  solution,  collected  on  a  filter,  well  washed,  ot  aiummn. 
ImdiaHcyired  to  dry  spoolaneoudy  on  the  filter  in 
a  dry  warm  room,  a  hydrate  is  obtained,  com* 
ttbeedl  'df  equal  waghts  of  alumina  and  water* 
This  is  an  expeiitfUent  which  I  have  fteqaeody 
made  in  Edinburgh  and  in  London,  where  I  was 
tiV<lfaii4t8bit^«f  werkiiig  in  a  room  elevated  j^on- 
siderably  above  the  ground ;  but  in  Glasgow, 
Midie'my  UMHWtary  is  in  a  gcfwndtfloor  situated 
ito  a  clay  Soil,  and  consequently  rather  damp^  I 
have  Ibimd  it  much  more  difficult  to  obtain  cor<- 
ftet  tMrtlBy  ttt  least  during  the  summer  of 
which  was  uncommonly  cold  and  wet,  when  I 
was  occupied  with  this  investigation.  I  shall  re- 
late one  experiment,  which  1  made  with  a 
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derable  care, — it  will  show  how  near  the  trutli  I 
was  able  to  come* 
Bihydnte.     £^  ^  quantity  of  alumina  left  upon  the  filter 
in  a  tempeiature  not  exceeding  Ck/,  for  a  couple 
pf  monthsi  was  found  to  wdgfa  S&66  grains. 
JBcnig  strongly  ignited  in  a  platinum  crucible, 
the  weight  was  reduced  to  17*85  grains.  The 
loss  of  weighty  thereforci  was  18-81  grains^ 
which  gives  the  amount  of  the  water  in  the  hy- 
drate.    Now,  17-85  :  18*81  : :        :  2*4«624, 
which  exceeds  2  atoms  of  water  by  O'lyfi-^ 
and  this  excess  of  water  1  iind  it  difiicuU  to  get 
rid  of  in  a  damp  room*   If  we  were  to  consider 
the  water  in  this  hydrate  as  amounting  to  exactly 
^  atoms,  and  to  calculate  the  atomic  weight  of 
alumina  on  that  supposition,  we  have  18*81: 
17*85  : :  2*25  :  £-lS52  :m  atomic  w/eight  of  alu^ 
mina.    But  the  analysis  of  alum,  giTen  in  a  pr^ 
ceding  part  of  this  section,  shows  that  there  is 
really  an  exooss  of  water.   Besides,  I  have  fre- 
quently obtained  a  hydrate  of  alumina  composed 
exactly  ot'  equal  paxis  of  aitimina  and  water, 
irfiowing  that  the  atomic  weight  of  ahimtoa  is 
exactly  2*25,  and  that  this  hydi^  contains  S 
atoms  water. 

Hydiatc.  2.  When  the  biliydrate  of  alumina  is  dried  in 
a  tempeiBture  ol  about  100°,  it  is  reduced  to  ihe 
state  of  a  hydrate-— at  least  very  nearly,  &t  ^ 
have  not  always  been  able  to  obtain  exactly  the 
atomic  proportions,  though  the  deviation  v» 
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mslL  I  shall  state  one  or  two  of  the  experi- 
mgQts  nmnericallyt  that  the  reader  maj  jadge  of 

the  approximation. 

•  (1.)  18*9^  grains  of  alumina,  dried  on  the  fil^ 
ier  in  a  temperature  of  100°,  being  exposed  to  a 
strong  red  heat,  .were  rcducetl  to  13*^9  grains ; 
consequently^  the  water  dh?eQ  oif  amounted  to 
543  grains.  Now, 

13-49  :  5*43  : :  2-^5  :  O<9055  s  ratio  of  water. 

■ 

(^.)  QO  grains  of  alumina,  which  had  been  left 
upon  a  filter  for  three  months,  in  a  temperature 
which,  during  the  day,  was  usually  85"",  though 
daring  the  night  it  was  lower,  as  the  fire  was  al* 
lowed  to  go  out,  being  exposed  to  a  strong  red 
beat,  was  reduced  to  13*45  grains ;  and,  conse- 
quently, it  had  lost  6*55  grains.  Now, 

13-45  :  6-55  :  :  2-25  :  1*099  =  ratio  of  water. 

It  appears  from  this  experiment,  that  by  a  great 

length  of  time  the  alumina  may  be  brought  into 
the  state  of  a  hydrate,  consisting  of  1  atom  alu- 
mina  and  1  atom  water ;  for  1*099  is  only,  a  very 
iittie  less  than  I'li^,  the  weight  of  an  atom  of 
water* 

Sucli  arc  the  results  which  I  have  obtained 
respecting  Uie  atomic  weiglitof  alumina.  They 
all  oonspke  to  show  that  it  is  very  nearly  S*d5, 
and  tiiat  it  cannot  by  any  means  amount  to  a 
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number  nearly  so  high  as  8%375.  Indeed,  from 
the  cx)iistitutioQ.c^'  alttiDii]ay.tti(ei:e. seems  no  reft> 
son  to  doubt  thai  9^95 19  the  true  atoniiiC'might 
of  this  earth. 

The  probabililyia^  that  ahiitttitt.i§a|»f9t0ivd9 
of  aluminum.    On  that  supposition^  the  it 
weight  at  alumiaum  will  be  X*^»  /. 


S£€;T.  II. 


1 


OF  THE  ATOMIC  WEIGHT  DF  GI^UCBfA^  '  • 

« 

Though  glucina  has  been  known  to  chemists  for 
more  than  twenty  years,  ve  are  in  possession  of 
very  few  experiments  from  which  we  can  deduce 
its  atomic  weight  BerzeUus^  so  iar  as.myj^^ejnr* 
ledge  extends,  is  the  only  person  who  has 

lyzed  some  of  the  salts  of  glucina  with  a  view  of 
determioii]^  it$  capacity  ot  saturatioui  irom  wiucjbt 
the  atomic  weight  is  earily  deduced.  Bef<»e  r^^ 
luting  tlie  experii|ients  which  I  have  made  to 
ascertain  the  atomic  weight  of  this  sabstaocet  .  it' 
will  be  (interesting  to  state  the  experiments  oft 
lierzelius,  by  whiclii  in  fact,  my  own  weie  di:, 
rected.  .  f 

f^l^^    1-  Berzclius  disso]\'ccl  a  quantity  of  glucina  in, 
excess  of  sulphuric  acid<~evapojfated  ijlfi^ 
solution  till  the  acid  began  to  escape— and  then 
washed  it  in  alcohol  to  get  rid  of  the  excess  of 
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suIjAtiric '  add.  The  Milpbtte  of  gliidna^  thm 

obtained  was  dissolved  in  water.  The  solutiou 
Was  mixed  with  carbonate  of  ammonia  to  pred^ 
pitate  the  glucinai  and  heat  was  applied  till  the 
ammonia  ceased  to  be  disengaged.  Tiie  giucina 
thtls  obtained,  being  welK washed  and  heated  to 
redness,  weighed  0-553  parts :  the  liquid  tl)U9 
freed  from  ghicina  was  precipitated  by  muriate 
of  barjrtes.  The  snlphate  of  baiy tes^  after  being 
washed  and  heated  to  redness,  weighed  5,  which 
is  equivalent  to  1*6949  of  sulphuric  acid.* 

Thus  it  appears^  that  the  sulphate  of  ghicina,. 
formed  hy  the  above  process*  is  composed  of 

Gludna  0-553   or  S 

Sulphuric  add  1*6949  ^  10 


Considering  this  salt  as  a  bisulphate,  Berzelius 
dliMUired  a  portion  of  it  in  water  and  digested  it 
over  a  quantity  of  carbonate  of  g-lucina  free  i'l  om 
ammonia.  By  this  digestion  he  obtained  a  gum- 
inj^  Ibbfcing  liquid.  Part  of  tbis  being  mixed 
\vitii  water,  a  white  matter  precipitated,  (doubt- 
1^  ^ttCina)  and  the  liquid  being  filtered,  waaf 
dli6dtiif|Med  by  carbonate  of  ammonia  and  mu- 
of  baiytes  precisely  as  the  former  salt. 
The  giucina  obtained  weighed  l^OOl,  and  the 
sfflf/Hite  of  bary tes  4«-549,  equivalent  to  1  '5573 
sulphuric  acid.   Thus  .it  appears,  that  the  new 
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gummy  like  suipliate  of  glucina  was  composed 
oi  ^ 

Oludm^  l-OOI   or  33139 

Sulphuric  acid  1*5573  -  5 

A  portion  of  the  gummy  liquid^  obtained  as 
above  describedi  was  heated  over  a  spirit  lamp 
till  it  became  dry,  when  it  resembled  burned 
akmu  After  ceasing  to  give  out  water  from  the 
heat  of  a  spirit  lamp,  Berzelius  exposed  2*5  parts 
of  it  to  a  red  heat;  the  glucina  left  weighed 
1*^4  parts.  Berzelius,  considering  the  salt  as 
perfectly  dry,  concludes  it  was  composed  of 

Glucm^  1*24   or  4-98 

Sulphuric  add    1^6    -  5 

2*50 

It  is  obvious  that  the  second  of  tiiese  three  nMs 
is  neutral,  being  composed  of  one  atom  ot  acid 
and  oae  atom  of  gluciiaa.  The  tint  ia  a  iMit 
phate,  or  a  compound  of  two  atoms  acid  and^oM 
atom  glucina^  wiuk  the  third  is  a  sulphate  oom* 
poseil  ef  <»ie  atom  add,  and  U  atom  ghMiffk ' 

These  three  analyses,  however,  are  not  abso- 
huely  correclr)  fixc  the  atomic  we^t  ol  ^ 
cina  differs  a  Uttie  in  each.  <    *'  * 

sscoad  • '  s-sisg 
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Tim  mean  of  Si25i22  must  be  exceedingly  near 
the  truth ;  as  near,  probably,  as  it  is  possible  to 

come  with  our  present  analytical  means  by  a 
dimt  analysis.  I  consider  myself  entitled  to 
conclude  irom  it,  tiiat  the  true  atomic  weight 
ofglucina  is  3*2^.  X.leave  out  the  two  last  ded* 
mal  places,  because  they  would  destroy  die  law 
poiiiteJ  out. by  Dr»  Prout,  which  we  have  seen 
to  hold  in  all  the  other  atomic  weights  of 
bodies; — namely,  that  these  weights  are  all 
multiples  of  0*1'46,  the  atomic  weight  oi  hy« 
dngen. 

2.  Berzelius  likewise  analyzed  the  muriate  of 
giaeiiui;  and,  although  the.  muriates  are  not  so 

easily  analyzed  with  accuracy  as  the  sulphates, 
it  will  be  well  worth  our  while  to  state  the  re* 
flritef  die  analysis  as  constituting  an  exceedingly 
good  approximation.  The  biiuunate  oi  giucina 
wasn  oyitaUiamble  salt :  but  when  the  excess  of 
seid  was  expelled,  he  obtained  only  a  gummy 
like  mass.  This  matter  was  dissolved  in  water, 
the  solulkMi  fiheied,  and  the  giucina  was  thrown 
down  by  carbonate  oi'  ammonia,  and  the  muria- 
tic acad  by  nitrate  of  silver.  The  giucina  weighed 
0<i6^  and  the  ebloride  of  sih  cr  ^39€,  which  is 
equivalent  to  0-8596Ji^  oi  muriatic  acid.  Accord- 
ing to  this  analysis^  muriate  of  glocina  k  com* 
posed  of 

Vol,  I.  X 


tion  of 


ttR  EARIHS  PROPER. 

Glucina  0266      «r  d-S681 

^iuriaucacid      0-85962    -     4-625  • 

The  atomic  weight  of  glucina  deduced  from  this 
iuialjsls  ia  3*3681,  which  is  a  little  higher  than 
that  from  the  sulphate.  But  the  prepondefancy 
of  evidence  is  entirely  in  favour  of  3-^5,  the 
weight  deduced  from  the  sulphates  of  gludaa. 
3.  The  emerald  or  In^rj/l  is  the  mineral  from 
^omkL  which  giucina  was  onginally  obtaioed,  and  iik 
deed,  we  ore  seareely  in  possessioii  of  any  dther 
quarry  iioin  which  this  earth  can  even  at  present 
be  procured.  It  is  usually  crystallized  in  iht* 
silled  prisms,  and  bus  all  the  marks  of  bein«f  a 
chemicai  compound*  Its  coustitueots  aro  uhca^ 
idtumiia»  and  glucina,  with  mere  traces  of  some 
metallic  oxides,  which  seem  to  act  the  part  of 
colouring  matters*   It  will  be  worth  our  while 

to  see  \\  hat  atomic  weight  will  be  d  cm  laced  for 
glucina  from  the  constituents  of  tliis  mineral.  '  * 
Vauquelin  and  Klaproth  published' good'  soik 
lyses  of  emerald  and  beryl  j  but  it  wdl  be  better 
to  employ  for  ouir  calculations  the  anafysii  by 
Berzelius,  which  is  much  later,  and  which,  frfltt 
the  improvcmejits  introduced  into  the  art  of 
analyzing  minerals,  is  probably  nearest  tiie  tintb* 
According  to  Berzelius,  the  constituents  of  iWi 
mineral  are  as  follows ;  t 

•  Bcruaiitt*  Attempt,  &c  p.  I9k      f  Afhandlingwy  IV.  \$l 
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Silioa 
Aluaina 
Gluciiui 
Oxida  of  Iron 

Oxide  of  tantalum 


68-35 
11-60 
13*18 

0'27 


10(H>7 


Let  us  consider  the  emerald  as  a  compound  of 
tvo  atoms  of  trisUicate  of  alutninat  and  one  atom 
of  trisilicate  of  glucina,  and  let  us  see  what  the 
fttoti^  of  silica  wUi  be,  suppoHog  the  atonic 
wdgfats  of  alumina  and  giudna  to  be2*25  and 
S'25  respective^. 

(].)  M5  (atom  of  alomiiia)  :  6  (S  atomt  rilia) : :  17*6 

(alumiua  m  mineral)  :  =  silica  united  to  alu<> 


(^q  9-25  (atom  of  giudna) :  6 ; ;  i3-lS  »  tUica 

miled  to  gludiuu 

Now,  46-933  +  «i*4t»2  ^  69*355,  which  ex- 
ceeda  the  sUica  in  the  mineral  by  1*005  grain* 
Hie  ^ca  united  to  the  alumina  is  very  nearly 
t»a-t]iirds  of  the  ivhole ;  consequently,  two-thirds 

of  this  surplus  hulongs  to  that  portion  of  the 
sUca.  There  remain  0*335  giUiu,  which  must  be 
deducted  from  the  22«492.  Hie  remainder, 
22<)87,  is  the  siUca  actually  united  to^the  glucina 
itt  the  mini^  .  Now,  ^2-087  :  1313  :  ;  6  : 
3*5668     atom  of  glucina. 

2*  EUCLASS. 

There  k  another  mliMial,  containing  gtucina, 
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jiamely  enclose;  the  coustilueuts  ol  which,  ac- 
cording to  the  analysis  of  Benaelius*  are  as  ibi* 
lows : 

4  »  ■  ' 

» Silica        ...  AS-m 

'    Alumina     .  30-5() 

Glucina     .  2178 

Oxide  of  iron  2-22 

Oxide  of  tin  070 

*  ♦ 

4 

Let  US  calculate  the  constitution  of  this  min- 
eraly  on  the  supposition  that  it  is  (^omposcd  of 
two  atoms  silicate  of  alumina,  one  atom  of  siii* 
cate  of  gluciiia,  and  a  small  quantity  of  bisilicate 
of  iron,  probably  accidentally  present. 

(1 .)  2*25 :  2  : :  30*56  i  27*164  a  tflica  unM  to  aiama 
(2.)  S-25  :  2  : :  2176  :  IS^S  «»  silica  nniliBd  to  gliicimi- 
.  (3.)  4-5   ;  4  :  :  2  22   : \'\fi  S   =  silica  united  >o  iron.  ,j 

Now,  ^-164  +  1 3*403  -h  1*973  =  42-540,  wiiicli 
is  less  than  the  silica  in  tlie  niincral  by  ()-98  gram. 
Two  thirds  of  the  silica  are  united  to  the  sdiumi- 
na  ;-^o'nsequently,  *  only  one  thirdi  of  0*98  or 
0-33  is  to  be  added  to  the  13-403,  makiiig 
13733  grains  foir  the  silica  united  to  the  glucina. 
And 

13  733  :  21  78  : :  2  :  31719  =  atomic  weight  of  glueing 

From  these  two  minerals  we  obtain  two  dif- 
ferent atomic  weights  of  glucina,  the  first  too 
high,  and  the  second  too  low.    The  probability 
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iSf  that  the  mean  of  the  two  will  give  an  atomic 
we^  not  very  far  removed  firotn  the  tn^v' 

Atomic  weight  from  beryl  3*5668 


This  result,  though  too  high,  is  much  bearer  the 
truth  than  tliat  derived  from  Uie  analysis  of  beryl 
alcme. 

4.  I  shall  now  relate  the  experiments  by  wlucli  Analysis  of 

1       .        1  1/.    1  •      1  ^  .  bisulphate 

1  satisfied  myseii  that  3*»^  is  the  exact  atomic  ufgiuciM 

.  I  ,     /.    1      .  bv  the 

weight  ol  glucma.  audM>r. 

(1.)  1  prepared  a  quantity  of  bisulphate  of 
g^Qcin  precisely  in  the  same  way  as  bad  been 

previously  done  by  Ikrzelius  :   18'87'^  grains  of 
this  ssilt  were  put  into  a  platinum  crucible,  and 
exposed  for  some  time  to  a  strong  red  heat 
tliere  remained  S'^Zd  grains  of  pure  glucina. 
18*875  grains  of  the  same  salt,  and 

grains  of  chloride  of  barium,  \vere  dissolved  in 
seprate  portions  of  distilled,  water..  These  two 
i^il^  being  mixed,  a  double  decomposition  took 
place — sulphate  of  bary tes  falling  to  the  bottom, 
while  muriate  of  glucina  remained  in  solution. 
This  liquid,  as  soon  as  it  had  become  transparent, 
was  tested  by  sulphate  of  soda  uuii  muriate  of 
^xlryies  ;  but  was  not  afiected  by  cither  of  these 
reagents,  showing  that  it  contained  no  sensible 
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quantity  either  of  barytes  or  sulphuric  acid. 
From  thi&  expehmeai»  we  see  that  tiie  qu^tity 
of  sulphuric  add  in  18*875  grains  of  bisiilphate 
of  glucina  just  saturates  the  barytes  from  ^'5 
grains  of  ^jilftriaa  of  barium  i  and  consequently, 
amounts  to  exactly  10  grains. 

(3.)  Thus  it  appears^  that  18*875  grains  of  bi- 
sulphate  of  glucina  contain  3^95  grains  of  glii- 
ciqa  aud  10  grains  of  sulphuric  acid ; — the  rest 
vaifi9i  be  watfor :  consiequ^ntlyy  the  constitueaU 
of  the  salt  are 


Sttlpliaric  acid  lO 

Gluciiia  .  .  3*25 
Water  . 


1S-S75 


Now,  10  18  equivalent  to  9  atoms  of  sulphuric 
acid,  and  5*6^  to  5  atoms  of  water.   And  com* 
Atom  of   paring  this  analysis  with  those  of  BemeUus^  uo 
giuLina.    ^i^y^^      remain  that  S*it&  refn-esents  the  weight 

of  an  atom  of  glucina. 
Atom  of  We  have  no  data  to  determine  the  atoniic 
giuanum.  ^jgj^^  ^  glucinum.  But  analogy  leads  to  tjie 
supposition,  that  glucina  is  a  oompouud  oi  1  ^itom 
gluemum  and  1  atom  oxygen— on  that  soppo^ 
tiou  an  atom  of  glucinum  will  weigh 
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SECT.  IlL 

■ 

OP  THE  ATOMIC  yntlOBT  OF  TTIVIA. 

Though  yttria  has  I^en  Imown  for  almost 
iweaty  years,  nunerals  in  which  it  occurs 
baFe  been  hitherto  met  with  only  in  Swodw  ^ 
and  even  in  that  country,  they  are  so  scarce  as 
hardly  to  be  procured^  except  in  pieces  too  small 
to  admit  of  the  extraction  of  a  quantity  of  yttria 
sufficiently  large  to  enable  us  to  make  experi- 
ments on  the  composition  of  the  salts  which  it 
loans.  Thus  circumstanced,  I  have  been  ne-  ' 
CfiMiily  confined  to  experiments  made  upon  a 
very  fe^  grains  <^  this  earth ;  and  though  they 
were  conducted  with  the  most  scrupulous  atten- 
tion to  accuracy,  I  was  not  able  to  draw  any 
satisfactory  conclusions  from  them.  I  am, 
thereforet  under  the  necessity  of  deducing  the 
atomic  weight  of  this  earth  from  the  experiments 
of  Berzelius.  Fortunatelyi  tiiis  iilustiious  die- 
mist  is  so  remarkably  accurate  in  his  experiments^ 
that  they  are  sure  to  iuruishfm  exceedingly  good 
approximation. 
1-  Berzelius  put  100  parts  of  dry  carbonate  of  AnrfyA  of 

*  *  carbonate 

yttna  into  a  small  retort,  a  glass  tube  connected  of  >ttria. 
with  the  beak  of  which,  was  filled  with  dry  mu- 
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riate  of  lime^ .  lieat  was  applied  and  continued 

till  the  retort  began  to  soften.  By  this  process 
the  water  was  diiven  off  and  united  to  tlie  muriate 
of  limey  the  weight  of  which  it  had  increased  by 
12'S2  parts.  The  ^ttria^  llius  freed  from  water^ 
was  heated  to  redness  in  a  platinum  crucible,  in 

order  to  drive  off  the  carbonic  acid : — ^by  this 
process  its  weight  was  reduced  to  57*7  paits. 
Vtotd  thb  analysis,  it  appears  that  carbonate  of 

yttria  is  composed  of 


This  analysis  trivts  us  5'3SQ5  tor  the  atomic 
weight  of  yttria.  But  the  water  in  the  salt, 
which  obviously  ought  to  amount  to  1  atom,  is  a 
little  too  high.  The  probability  is,  that  the  wa- 
ter absorbed  by  the  muriate  of  lime  would  retain 
a  little  carbonic  acid.  If  we  divide  the  42*3 
parts  which  make  up  the  carbonic  acid  and  wa^ 
ter  in  the  ratio  of  2*75  :  1*125 — which  must  have, 
been  the  true  proportion  of  tliose  bodies,  on  the 
supposition  that  the  salt  was  a  chemical  (xwa- 
poiind, — we  shall  have  the  constituents  of  this 
carbonate  as  follows : 


GvlNiiiic  acid 
Yttria 

Water  . 


29*49  or  8*75 
57-70    -  9'S825 
-  11950 


•  AiMMb  Qt  JPbUoHiitiy,  III  m. 
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'     YTTHIA.  '  3^9 

•     Carbonic  acid      30-019    or  i2"75 
»  -  .     Yttria  .   67'7O0    .    rr28^  ' 


'  100-000 

t 

This  brings  the  atomic  weight  pf  yttria  to  5*285, 
a  number  which  must  come  pretty  near  the 
truth. 

^  Berzelius  dissolved  S*8  pai;ts  of  pure,  yttda  or guiphate 
in  sulphuric  acid— evaporated  the  solution  to^^^^ 
dryoess — and  heated  the  residual  sulphate  till  it 
ceased  to  give  out  add  vapours.  It  now  weighed 

5*392  parts.  From  this  experiment  he  con- 
cluded, that  anhydrous  sulphate  of  yttria  is  com- 
posed of 

Sulphuric  acid      2-502    or  5 
Yttria   .      .      d*8       »  5*4012 

5-S9«* 

Bj  this  experiment  the  atomic,  weight  of  yttria 
comes  out  5»4012.  But  we  have  no  satisfactory 
evidence  that  the  salt  was  neutral,  except  Uiat  it 
iras  still  soluble  in  water.  I  am  disposed  to 
tUnk  that  a  very  small  portion  of  the  acid  had 
been  driven  off :  for  if  we  suppose  the  constitu-^ 
ehts  of  the  i>alt  to  have  been 

Sulphuric  add  2*685 
Yttna   .       .  2-8 
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— 4hat  is  to  sayt  had  the  add  beed  0«09S  moie^ 

then  the  atomic  weight  of  yttria  would  have  been 
5-25. 

y  hydwn  3.  Klaproth  found  that  yttria  precipitated  from 
muj:iatic  acid,  and  dried  in  the  open  air  after 
beipg  well  wiuh^d,  was  a  hydrate  composed  of 

Yttria  •  .  .  69 
Water       ...  31 

lOD 

For  100  parts  of  it  when  heated  to  redness  lost 
SI  part$  of  its  weight.  Now»  31. :  69  : :  2^2^ : 
5*008  «  atonue  weight  of  yttria»  supposing  the 
hydrate  to  contain  just  2  atoms  water. 

Thus  we  have  got  three  atomic  weights  of 
yttria« 

(1.)  From  the  carboturte  5<S65 

(2.)  From  the  sulphate         .       .  51012 
(3.)  Frpm  the  hj^rate         .      »  5-008 


3  )  l5  t)Sl4i& 


Mean        ....  5*tS14 

This  mea4  must  be  very  near  the  truth  t  ire 
may,  thereibre,  adopt  5*25  as  the  true  atomic 
weight  of  jrttria  in  order  to  make  that  weight 

accord  with  Dr.  Front's  law. 

4'*  Gadolinite,  the  mioerai  in  which  yttria  was 
first  discoveredf  has  been  likewise  analyzed  wi A 
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gmdcm  by  Bffwiiu9»  who  &md  ii»  coiifftiti}- 

^ots    follows  ;  - 

Silica        .         •  25-80 

Yttria         .         .  45  00 

Protoxide  of  cerium  16  69 
Protoxide  of  inm 

V9^(Ue  mttcr  0-00 

Let  us  calcuifitc  the  composition  of  this  mineral^ 
on  the  Bupposition  that  the  yttria  and  oxides 
of  cerium  and  iron  are  respectively  in  the  state 
of  sihcates,  aad  that  the  atomic  weights  of  all 
of  these  conatitaents  are  as  ibUows: 

Silica       •      .  S 

Yttria  5-25 

ftolozide  of  cerium  7*S5 

Protoaddeof  iraii  4*5 

(1.)  5*85  (etom  of  yttria)  :  9  (atom  of  siHca)  : :  45  (yttriaia 

tiiemiiienl)s  17*14    iUica  iiiiM  to  yttria. 
(fl.)  f»5  (elett  pvoUncide  of  eerimn)  1 1 ; }  10*^  t  i*80»  m 

nlica  united  to  the  oxide  of  cerium. 
(3.)  4-5  (atom  of  oxide  of  iron)  s  ^  : :  10*^6  ;  4'56  vlica 
united  to  the  oxide  of  iron* 

Now,  17-14  +  4-302  +  4\5G  =  26-002,  which  ex- 
ceeds the  silica  found  in  the  mineral  by  0*200^ 
gmiik 

The  silica  united  to  the  oxides  of  cerium  and 
in>n  being  one  third  of  the  whole,  it  is  ob- 
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vious,  that  one  third  of  this  surplus,  or  0-0667 
belongs  to  that  poition;  we  haire,  theretbie, 
0*1385  grain  to  subtract  from  the  1714,  to 
obtain  the  quantity  silica  in  the  mineral,  ac- 
tually united  to  the  yttxia.  It  amoiinto  to 
17-0065.  And 

^  yttrocc  5^  There  is  another  mineral,  which  was  di*- 
covered  by  Bendius  at  Finbo  in  Sweden,  and 
analyzed  with  great  care,  namely,  the  y ttroperile, 
which  he  found  compoeed  as  follows : 

Lime      .      .  ao 
Yttria  8'J  * 

Protoxide  of  cerium  16-45  ' 
Fhiorieidd  Jld*45 


100-00*  . 

.  Let  uB  suppase  the  lime  and  yttria  in  this  nii» 

eral  to, be  in  the  state  of  iieuU'al  lluutes,  and  pix)H 
tpxide  oftceriumiin  the  atate  of  a  bifiMt^  and 
let  us  calculate  the  compositiMy  on  ibe  supp^ 
tion  that  tlie  atom  of  fluoric  acid  is  1  *25f  wiiicb 
will  be  proved  in  a  subsequent  ctikpten 

(1.)  3  5  (atom  of  lime)  :  1-25  (atom  of  fluoric  add)  -  '50 
(lime  ID  the  mineral)  :  17-S57  =  duonc  add  united  to 
lime. 

(2.)  5-25  (atom  of  yttria)  :        :  s  8*1 :  |-038  ssfluoricacid 

united  to  yttria. 
(*^.)  7*25  (atom  of  oxide  of  cerium) :  2-5  (2  atoms  Huoric  acul) 
: :  16*45  :  5*67^  ^  fluoric  acid  united  to  oxide  of  ceriom. 

<  AflHBiaiingar,  IV.  151. 
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.  Now,  17-'8J7  +.l-p^8  +  ^-Cy^  =  Q5'U7f  wWch 
exoeeda  the  fluoric  acid  found  in  ibe  mineialrbjif 
0*007  grain.  But  i  .Vi)  part  of  the  fliioi  ic  acid  are 
united  to  the  Ume  and  the  ^auoo^.  m  that  only 
tk  of  0007  or  0*00056  grain  ta]uiiie  to  be  fiub* 
tracted  from  1  V^S^  to  have  the  iiuoric  acid  ac- 
tually united  to  the  y ttria, .  according  to  the 
analysis.    This  amounts  to  1*9224.  And 

19224  :  8*1  :  :  1-25  i  S-fiGSS  a  ati  atom  of  yttda. 

6.  There  is  still  another  miueral,  namely,  the 
yttrotantaiite»  which  appears  to  consist  essen- 
tially of  oxide  of  tantalnm  and  yttria  united  to- 
gether, iiut  tiie  other  constituents  vary  so  much^ 
that  no  greatreliance  can  be  put  on  the  analyses 
hitherto  given,  the  specimens  appearing  all  ex- 
ceedingly impure.  There  are  three  varieties, 
which  difler  a* good  deal  from  each  other  in*  the 
proportions  of  then*  constituents.  The  first 
niiety  iiaB  a  blAck  nAoittv  and  wi^  fonod  by 
Beriseiitis  composed  of    '       ■  ' 

Oxide  of  tantalam       57  . 
Tungstic  acid      .  S*25 
■Ttfria  20-i5' 

•  ■  hkne         . .     .  '     6-95  ' 

Oxitlt  oi  iron  .'  ,3*50 
Ojtidc  of  uraoium  0<^0 

t 
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The  second  vanet)»  which  is  yellow,  was  cchq- 
pcmdaf 

Oxide  of  tantalum  60 *  1 2  4 
Tingstie  Mid  1*044 
Ytlffe        4  fl$^90 

Oxide  of  iron  .  I'l 55 
Oxide  of  uranium  6*622 


The  third  variety*  wfaidi  is  dark  brown*  was 

composed  of 

Tungsticacid  •  2*592 

Yttria          .  ,  38-515 

Lime    .       .  .  !)-2(}0 

Oxide  of  iron  •  0*555 

Oxide  «f  nntiuina      •  Mil 

97-848 

It  fiiiist  be  obvioua  firom  a  bttednfMtloB'tf 

these  three  analyses,  that  the  ratios  between  the 
oxide  of  tantalum  and  the  yttria  differ  too  much 
in  each,  to  enable  us  to  deduce  from  them  any 
information*  either  respecting  the  atomic  weights 
of  yttria  or  oxide  of  tantalum  ^<-^oot  to  meo* 
tion  the  tungstic  acid,  the  lime  and  the  oxide  of 
uranium*  which  are  still  more  variable.  But  a 
comparison  of  the  atouiic  weiglit  of  yttria,  de- 
duced from  the  analyses  oi  gadolinite  and  yttro- 
cerite*  with  the  weights  deduced  from  the  car- 
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bonate,  sulphate  and  hydrate  of  yttria,  leaire  Atom  of 
Mtdd doubt  that  the^trua  atonio  wcigbt  this^ 

earth  is  5*25. 

Analogy  is  in  favour  oi  the  notion,  that  y  ttiia  or  yttrium, 
ka  lAmpmind  of  one  atom  of  yttrium  and  one 

atom  oi  oxygen ;  on  that  supposition^  the  atomic 
weight  of  yttrium  wiil  ba  ^'26. 


SECT.  IV. 

OF  TH£  ATOMIC  WEIGHT  OF  ZIKCONIA. 

We  have  no  good  data  for  calculating  the  atomic 

weight  of  zirconia.  The  best  at  present  in  our 
possession,  are  derived  from  the  oompositiou  of 
the  zircan  and  hyacinth,  which  have  been  repeat- 
edly analyzed  by  Klaproth  and  Vauquelm. 
The  constituents  of  this  mineral,  as  deduced 
fippaa  their  analyses,  are  as  follows : 

KIcmU       69*0     6b      64r5      70       64*5    66  ^^y*^*^ 

Saica  26-5       S3       S2-5       25         SS  31 

Qiideai  iroD  0^5        1        1-5        0^5       2  S 

96*0*    99 1     98*5 1    95*5  {  9B-5||  99^ 

tile  great  difference  in  tbese  results  rendeni  it 

probable  that  none  of  the  analyses  is  quite  cor» 

*  KlaprotJj  iitctrage,  I.  222.       f  IbiJ.  III.  271.    From  Nurway. 
;  Ibiii  V.  130.     Prmn  the  Ciirars.       ^  Ibid  1.  231.    From  Cuvlon. 
ii  VauqueUn,  Jour,  dc  iVIixi.  No.  XX  V  i.  iUt>.       ^  Vau<}uelin,  Ibid. 
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rect  Indeed,  neither  Klaprotli  nor  Vauquelin 
succeeded  in  fieeiag  the  zirconia  oooaypietiely 
from  iron.  But  if  we  deduce  the  atomic  weight 
of  zirconia  from  these  analyses,  supposing  the 
mineials  to  be  simple  siiicales  of  zirconia  attzed 
with  a  little  silicate  of  iron,  then  the  atomic 
weight  of  zirconia  will  be  as  follows : 


Fran  first  uuly 

•is  5*1247 

5*987 

Fraalihiid 

M48 

Fran  foordi 

5*645 

From  fiftii 

4*134 

From  sixth 

4*370 

6)27*426 

Metn 

4*537 

A  careiul  examination  of  a  collection  of  hya- 
cinth crystals,  which  I  was  favoured  with  some 
years  ago  by  Mr.  Hculand,  serves,  in  some 
measure,  to  explain  the  reason  of  these  anomaUes. 
Besides  crystals  of  zircon,  I  found  among  them 
hkewise  crystals  of  spinell,  gainet,  quartz,  axkd 
some  green  fragments  having  the  colour  of 
emerald, — besides  some  black  s^^rains,  apparently 
octohedral  iron  ore.  It  was  doubtless  owing  to 
the  presence  of  some  of  these  foreign  crystik 
that  the  alumina,  which  I  observed  in  a  former 
analysis  of  the  hyacinth,  is  to  be  ascribed*  Fure 
and  regular  crystab  of  hyacinth  serai  compoied 
of 

16 
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Zircooia      .       .  7S  ' 

Oudoofiifii      ,      .  0*5 

100-5 

If  we  suppose  the  iroa  ibreigD»  and  the  mineml  a 
auaple  sQicste,  tben  the  atonnc  weight  of  ziroonh 

would  be  6,  wbiob,  from  eiLpenmeiits  immediately 
so  be  mentumed*  I. believe  to  be  its  t»e  weight 

There  is  another  mineral  cxmteAmtig  zirconia,  CompcMi. 
which  was  discovered  by  Sir  Charles  Gieseckt  ,  di^it©. 
at  Kangerdluarsuk  in  Greenland  ;  and  to  which 
Piolessor  Stromeyer,  to  wliom  we  are  indebted 
for  a  knowledge  of  its  composition,  gave  the 
name  of  eudialite.  It  was  found  by  Giesecke 
on  the  west  coast  of  Greeiiiaod,  in  the  same  bed 
that  contains  the  sodalite,  and  intimately  mixed 
irilli  that'  mineral  and  with  hornblende*  It  is 
sometimes  amorphous,  and  sometinies  crystalHzed 
ift  rhomboidal  octahedrons,  with  their  edges 

tniTicated  :  it  has  a  rose  I'cd,  or  rather  aliyacinth 
Ml  colour :  it  is  hard  enoi^h  to  scratch  glass^ 
iMtt  h  ettsHy  scratched  by  pyrope :  it  is  e^il y  ret> 
duced  to  powder,  and  the  powder  has  a  red 
^stkHttt  tsptstiBc  giwrity  is  ^-9080^,  acconlilig 
t*8lit»ieyer  f  it  is,  therefore,  conflidertibly  light- 
e**<hVm  the  pyrope,  to  which  it  bears  a  certain 
iiiff^  (if  -  Mfiemblanee.  The  Specimen  of- tbiA 

wmi?!^!-  in  tny  possession,  and  for  wliich  I  atH 
indebted  to  the  liberality  of  Sir  Charles  Giesecke, 
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exhibits  a  tendency  to  split  into  rhomboidal  frag- 
ments : — the  fracture  is  flat,  conchoidd,  and 
sHglitly  splintery.  Before  the  blow  pipe  it  meltB 
easily  into  a  green  coloured  bead :  it  dissolves 
with  great  facility  in  nitric  or  muriatic  acids, 
and  gelatinizes  like  mesotype  or  apopiiyUit& 
This  fiiolutiofi  and  gelatinieation  takes  place  even 
yfhen  the  eudiaUte  ims  been  previously  heated 
to  redness.  The  constituents  of  . this  iiiiQenl» 
f  rom  a  mean  of  several  cai  ef'ul  analyses  of  it  by 
»Stroraeyer,  dto  as  follows  , 


Silica  .... 

Zircania  • 

U-102 

Lithe          •       •  . 

Sofia           ,  ♦ 

^  %  f  ^  w 

Protoxitle  of  iron 

Protoxide  of  niaiigiineae 

2*062 

Muriatic  acid 

1*0S4 

Water 

1*S01 

The  great  number  of  constituents  in  this  mineral 
renders,  it  very  ill  adapted  for  determining  the 
atomic  weight  of  zirconia.  Lcl  us  suppose  that 
the  muriatic  acid  is  m  combmation  witii  soda  in 
the  mifieral  >-it  will  constitute  1  •676  ^ 

coinmon  salt,  aod  the  remauiing  soda  will  aiiiouflt 
to  13*1  a  Let  us  now  calculate  the  compositiou 
of  eadialy  tc,  on  the  supposition  that  all  the  baaes 

*  Ui  tcniucbuugcn,  1.  p.  4o6. 
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are  combined  with  silica  in  the  state  of  trisilicates, 

except  the  sodn,  which  must  he  in  the  state  of 
bisilicate ;  and  let  us  cousider  the  atamic  weight 
of  zirconia  as  6,  that  of  lime  as  3*5,  that  of  soda 
u  ^  and  that  of  protoxide  of  iron  and  man- 
ganese as  4*d. 

(L)  6  (atom  of  sirconU)  :  6  (3  atoms  silica)  : :  11*102  : 

11*10S  B  aOica  united  to  the  nrconia. 
(2.)  3  5  (atom  of  lime)  :  6  (S  atoms  afliea)  : :  9  785  :  .16*77 

=  silic:i  united  to  tlie  lime. 
(3.)  4  (atom  of  soda)  :  4  (2  atoms  siUca)  :  :  13-13  :  13-13  = 

silica  united  to  the  soda, 
(i)  V5  (atom  of  protoxide)  s  6  (8  atome  silica)  ; :  8-816  : 

1 1«75  as  dUca  dmted  to  the  protoxide  of  inm  and  man* 

ganese. 

Now,  11-102  +  1677  +  13-13  +  1175  =  527«2- 
This  is  less  than  the  whole  silica  in  the  mineral 
by  0*573.  As  the  silica  in  combination  with  the 
zirconia  constitutes  of  the  whole,  it  is  obvious, 
that,  in  order  tohi^ve  the  quantity  of  silica  united 
to  the  zirconia  in  the  eudialite,  we  must  add  ifir 
of  0-573  0-1^2  to  ll'lO^^,  which  will  raise  it  to 
11-22S.    This  gives  us 

U'SSS ;  11*102  i :  6  :  5*9358  »  atomic  weight  oi  zircoma, 

according  to  the  constitution  of  tliis  mineral. 
Though  this  number  be  under  6»  yet  it  approaches 
fully  as  neai'  it  as  could  be  expected  from  so 
oomplicatod  a  mineral ;  which»  probably,  was  not 
free  from  some  admixture  both  of  sodalite  and 
hornblende. 
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I  shall  now  relate  the  experiments  which  I 
made  to  determine  the  saturating  power  ar- 

conia,  and  the  quantity  of  water  with  which  it  is 
capable  ot'  comhiuing* 

'  ^^"^  ^  quantity  of  pure  carbonate  of  ziroonia 

•torn  of  «ir-  was  (lissoived  in  muriatic  acid,  the  solution  was 

cook =6. 

precipitated  by  anmionia,  and  the  earth,  after 
being  well  wadied,  was  left  for  several  weeks 
upon  the  filter  iu  a  temperature,  which,  during 
the  day,  was  very  nearly  85^ ;  though  it  was  a 

good  deal  lower  during  the  night.  The  hydrate 
thus  obtained  bad  a  greyish  yellow  colour,  a 
certain  degree  of  semitransparency,  and  broke 
with  a  fracture  resembling  that  of  glue*  It  w  as 
exposed  to  a  strong  red  heat  for  nearly  an  hour> 
in  order  to  drive  off  the  water.  I  found  that  this 
hydrate  was  a  compound  of 

Zirooiua      ...  6 
Water  8*885 

Now,  8*88J  diifers  very  little .  from  9$  which  re- 
presents the  weight  of  8  atoms  of  water.  This 
leads  to  the  inference,  that  the  atomic  weight  of 
ziroonia  is  6,  and  that  the  hydrate  was  a  com* 
pound  of  1  atom  ziroonia  and  8  atoms  water. 

(J^)  Another  quanUty  of  zirconia,  precipitated 
from  the  muriate,  was  well  edulcorated  and  dried 
on  the  filter  by  means  of  steam,  at  the  tempera- 
ture of  The  hydrate  thus  obtained  was 
decomposed  in  a  strong  red  heat,  and  was  found 
to  be  composed  of 
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Water  .  1-185 

Kow,  1*1^  represents  an  atom  of  water.  Hence, 
the  hydrate  was  a  compound  ot  1  atom  zircouia 
and  1  atom  water;  and  this  experiment  also 

leadst  o  the  conclusion  tiiat  an  atom  ot  zirconia 
weighs  6* 

(3.)  11*85  grains  of  pure  muriate  of  zirconia,  ^^^J^^ 
not  in  crystals,  but  formed  by  dissolving  zirconia 
in  muriatic  acid,  and  evaporating  the  solution 
to  dryness  in  a  low  temperature,  were  dissolved 
in  water,  and  the  zirconia  thrown  down  by  am- 
monia. When  properly  washed  and  dried,  and 
heated  to  redness,  it  wuighed  4'SSl  grains.  The 
liquid  thus  ireed  irom  zirconia,  was  neutralized 
by  nitric  acid,  and  the  muriatic  acid  thrown  down 
by  nitrate  of  silver.  The  chloride  of  silver,  after 
fusion,  weighed  13*59  grains,  equivalent  to  3*444 
gnuns  of  muriatic  acid.  From  this  experiment 
it  follows,  that  muriate  of  zirconia  is  composed 
of 

Murialicactd  3*444  or  4*685 
Ztfoonia  4^331    -  5*815 

Water         .       4-07.')    -  5*437 

4*625  denotes  the  weight  of  an  atom  of  muri- 
atic acid— 5*437  approaches  pretty  near  to5-G2J, 
the  weight  of  6  atoms  of  water — 6'S15  repre- 
sents the  atomic  weight  of  zirconia,  according  to 
this  experiment : — ^it  is  a  little  less  than  6,  the 
atomic  weight  deduced  irom  the  hydrates.  I 

.  YS 
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am  disposed  to  ascribe  this  to  a  sHght  excess  of 

muriatic  acid  in  the  salt.  My  quantity  of  zir- 
conia  was  not  sufficient  to  give  me  muriate  of 
zirconia  in  crystals. 

These  experiments  are  not  quite  decisive;  but 
they  lead  to  the  conclusion,  that  the  atomic 
weight  of  zirconia  is  6. 
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CHAP.  X. 

OF  THE  ATOMIC  WEIGHTS  OF  IRON,  NICKEL, 

COBALT,  MANGANESE,  AND  CERIUM. 

1  ,  .... 

Tu£S£  metals  are  very  nearly  related  to  each 
other,  both  in  their  atomic  weights  and  in  .the 
proportiuiKs  ol  uxygea  with  wliicli  they  combine* 
Each  of  them  forins  at  least  two  oxideB>.the 
firat  containiiij^  an  atom  of  oxygen,  and .  the 
second  an  atom  and  a  halt  of  oxygen  united  to 
an  atoiD  of  the  metal ;  and  botii  of  these  oxides, 
at  iea^t  in  the  case  of  iron  and  manganese,  is 
Ofiable  of  combining  with  acids.;  One  of  these 
metals,  I  mean  manganese,  unites  with  two,  if 
not  tiiree,  additional  dozes  of  oxygen,  forming 
an  oxide  neither  possessing  alkaline  dor  acid 
properties,  and  one  or  two  oxides  capable  of 
combining  with  bases,  and  consequently*  pos- 
sessing, the  characters  of  acids. 

SECT.  I. 

OF  THE  ATOMIC  WEIGHT  OF  IBON. 

Anolyins  of 

PttOTOsuLPHATE  of  iron,  or  green  viiriui,  is  a  prowwd- 

*^  ,  phatenf 

aalt  which  has  been  long  known,  and  manufac-»on. 

Y4 
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tuied  lor  the  use  of  dyers  and  other  artists.  It 
crystalUzes  in  foiir-sided  oblique  prisms  with  a 
rhombic  base,  is  transparents  has  a  liglit  green 
colour,  and  a  sweetish  astringent  taste.  It  may 
be  obtained  perfectly  pure  from  the  copperas 
manuiactoiies  ;  or  by  dissolving  the  salt  oi  cona- 
merce  in  boiling  water,  filtering  the  solution 
while  hot,  and  allowing  it  to  crystallize  by  cooU 
ing.  I  employed  this  salt  to  determine  the 
atomic  weight  of  protoxulc  of  irou,  mid  I  shall 
now  state  tlie  method  by  which  I  proceeded. 

1.  17*375  grains  of  pure  dry  crystals  of  prokh 
sulphate  of  u*on  were  dissolved  in  water,  and 
mixed  with  a  solutkm  of  13*m  grains  of  oblaride 
of  barium.    A  double  decomposition  immediate- 
ly took  place,  and  sulphate  ot  barytes  precifi* 
tated  to  the  bottom  cf  the  vessel.   WheA  the 
licjuid  had  become  clear  after  the  subsidence  of 
this  sulphate,  it  was  tested  by  means  of  sulphate 
of  soda,  and  muriate  oi  Ijai  j  tcii ;  but  was  not 
afiected  by  either  oi  these  reagents^  showing  that 
it  neither  contained  barytes  nor  solphuric  acid. 
From  this  experiment  it  is  evideut,  that  the 
barytes  from         grains  of  chloride  of  barium, 
just  saturates  the  sulphuric  acid  in  IJ'SJd  grains 
of  crystalUzed  protosulphate  of  iron.  Ck>nse- 
quently,  17'375  grains  of  protosulphate  of  iron 
contain  exactly  6  grains  of  sulphuric  acid. 

2.  17-375  grains  of  crystallized  protosulphate 
of  iron  were  exposed  for  some  time  in  a  plati- 
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nma  crucible  to  a  heat  oj(' between  500°  and  60Q^« 

The  loss  of  weight  was  7*^  grains. 

Now,  as  17*375  grains  of  this  salt  coataio 
]M  5  grains  of  snlphuiic  acid,  which  is  equiva- 
lent  to  the  weight  of  an  atoui^  the  water  of 
ctystftlHzation  ought  likewise  to  be  a  determinate 
number  of  atoms.  Now,  7'S75  grains  would  be 
equivalent  to  7  atoms.  And  the  water  actually 
finind  was  7'<3  grains,  which  is  only  0*975  grains, 
or  ^th  of  an  atom  less  than  7  atoms. 

But  all  the  water  cannot  be  separated  from 
this  salt  by  heat,  without  at  tlic  same  time  de- 
composing and  separating  a  poitiou  of  the  sul- 
phuric add.  Sulphurous  acid  be^ns  to  be 
disengaged,  and  sulphuric  acid  in  2^  hquid  state 
(and  therefore  contuning  water)  trickles  down 
the  sides  of  the  ictort. 

It  is  easy  to  show  tliat  the  water  which  re- 
mains behind,  and  which  comes  over  united  to 
the  sulphuric  acid,  is  exactly  ith  of  an  atom. 
For  the  sake  of  explanation,  I  shall  take  for 
gn&ted  what  will  be  proved  in  the  subsequent 
part  of  this  section  namely,  that  an  atom  of 
inm  weighs  S'^,  an  atom  of  protoxide  of  iron 
♦•5,  and  an  atom  of  peroxide  ot  iron  5. 

When  piotosulphate  of  iron,  freed  from  as 
much  water  of  crystallization  as  possible,  is 
strongly  heated,  the  protoxide  of  iron  which  it 
contains  is  converted  into  peroxide  at  the  ex- 
pense of  the  sulphuric  acid,  which  gives  oil'  one 


S'U)  iaON»  NICKKJLy  COBALT9  biC. 

« 

atom  of  oxygen  to  the  iron,  and  then  Hies  off 
in  the  state  of  sulphurous  acid.  Now»  1  aton 
of  oxygen  will  convert  2  atoms  of  protoxide  of 
iron  lato  peroxide.  It  is  obvious  from  this,,  that 
one  half  of  the  sulphuric  acid  is  decomposed, 
and  that  the  other  passcb  over  in  the  state  of 
filming  sulphuric  acid.  Now,  this  fuming  acid 
I  have  carefully  analyzed,  and  I  find  it  a  com- 
pound of 

2  atmns  iulphuric  acid  as  10 
1  Atom  waler         .    »  1-125 

1M25 

Let  us  suppose  that  a  quantity  oi'  protosul- 
phate  of  iron,  equivalent  to  4  integrant  particles, 
or  69-5  grains  (17-375  X  4)  of  the  crystals,  are 
treated  in  this  way.  By  exposing  them  to  a  heat 
ui  about  600",  tliey  lose  30-375  grains,  or  the 
whole  of  tlie  water,  except  one  atom.  There 
remain  39*1^  grains,  composed  of 

4  atoms  sulphuric  acid  =  20 
4  atoms  protoxide  of  iron  »  IS 

1  atom  of  water  =  1-125 

S9-125 

When  a  strong  heat  is  applied. to.  this  residuuuOf 
half  the  sulphuric  acid,  or  10  giaina,  is  decom- 
posed into 

2  atoma'of  sulpharotts  add  =  S 
2  atoms  of  oxygen  »  2^ 

10 
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The  8  grains  oi'  sulphurous  acid  Ay  off  in  the 
ste(e  c€  gas,  and  the  S  grains  of  oxygen  nnife 
with  the  18  grains  of  proto^de  of  iron,  and  con- 
vert them  into  90  grains  of  peroxide.  The  re- 
maining JO  grains  of  sulphuric  acid,  united  to  the 
atom  of  watert  are  driven  oil'  in  the  state  of  fum- 
iiig  sulphuric  acid,  and  weighing  11*195  grains. 

From  this  statement  it  is  obvious,  tiiat  when 
17*875  grains  of  protosnlphate  of  iron  are  thus 
treated,  7v59375  grains  oi  water  (or  7  atoms  — 
^th  atom)  will  be  driven  off;  ^  grains  of  sul-, 
phuric  acid  will  be  converted  into  9  grains  of 
sulphurous  acid  (which  will  fly  oti)  and  half  a 
grain  of  oxygen,  which  will  convert  thei^  grains 
of  protoxide  into  5  grains  of  peroxide.  The 
lemaining  ^  grains  of  sulphuric  acid  united 
with  0*€81^  grains  of  water,  (the  ith  atom  still 
remainiQg)  will  be  driven  off  in  the  state  of 
fuming  sulphuric  acid. 

From  the  preceding  exposition  it  is  plain,  that 
alter  all  the  water  has  been  driven  oil,  which 
can  be  made  to  leave  17*375  grains  of  protosul- 
phate  of  iron  by  a  moderate  heat,  one  fourth  of 
an  atom,  or  0^1£5  grain  still  remains.  Hence, 
the  whole  water  of  crystallization  amounts  to 
7*6  +  0*^125  =  7*881^  grains.  This  comes 
so  near  7*875  grains,  which  is  the  equivalent  of 
7  atoms,  that  theie  can  be  no  doubt  that  7  atoms 
is  the  true  quantity  of  water  present.  The  small 
excess  (only  0'00&2d  grain)  was  owing  to  a  com- 

16 
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mencement  oi  deoompoaition^  for  the  wiiole  of 
the  silt  Am  treated  wm  toot  soluble  in  water. 

Thus  it  appears  that  17*37^  grams  of  protosul- 
phate  of  iron  contain 

1  atom  sulphuric  add  =-  5 

7  atoms  water     .  ■=7-875 


12'875 


Atom  of  The  4*5  graioSf  wanting  to  make  up  the  whole 

Koni  17-375,  are  obviously  protoxide  of  iron;  and,  as 
^'^       the  salt  is  neutral,  4*5  must  denote  the  atonuc 
weight  of  protoxide  of  iron. 

3.  The  preceding  analysis  of  pratosulphate  of 
iron  is  rigidly  exact  i  but  it  proceeds  upon  as> 
sumptions  which  require  to  be  proved.  It  will 
now  be  req^uisite  to  state  the  experiments  by 
which  I  satisfied  myself  that  9-5  is  the  true  ato- 
mic  weight  ot  iroa. 
Atomic       ^  grains  of  pure  iron  were  put  into  a  snaall 

irolfdlter-  J^toft,  witli  dilute  sLilpliuric  acid.  A  coiiiplete 
solution  took  place  ;  and  the  volume  of  the  iiy<> 
drogen  gas  evdved  (reduced  to  the  mean  tea^ 
peiature  and  pressure)  was  59  cubic  inches. 
Consequently^  the  iron  must  have  combined  with 

a  quantity  oi  o-\ygen,  which,  had  it  been  in  the 
gaseous  state,  would  have  amounted  to  or 
29*5  cubic  inches*  which  weigh  almost  exactly 
10  grains*    From  this  it  is  obvious^  that  whea 

3*5  grains  of  pure  ihm  are  dissolved  in  dilute  sul- 


Digitizer  by  Google 


piuihc  acid,  they  combiDc  with  1  grain  ot  oxy* 
gen.  Now;  by  this  soliiliaD,  tiie  iron  is  convert* 

ed  into  protoxide ;  coQsequeutly»  protoxide  of 
iam  is  compoaed  otf 

Iron  .  3*5 

Oxygen      .  1 

1  bein^  the  atomic  M-cij^'lit  of  an  atom  of  oxy- 
gen, 3*5  must  be  the  weigiit  of  ao  atoni  of  iron  ; 
and  the  atomic  weight  of  protoxide  of  iron  it 
obviously  4*5. 

4.  Iron  and  sulphur  unite  together  iu  two^^^^ 
proportions,  fbrming  (he  proiosulphurei  and  jwr-  jjj^ 
sdphuret  of  iron.  The  ibriucr  is  called  by  mi« 
nendogiats  magnetic  pjfHies,  because^  when  in 
powder,  it  is  attracted  by  the  ma^et.  The  lat- 
ter is  called  cubic  pyrites,  because  it  usually 
erystalHzea  in  cnbes.  The  prbtosulphuret  of  iron 
may  be  formed  artificially,  by  auxiiig  together 
iron  iilingg  and  sulphur,  and  exposing  the  mix- 
ture for  some  time  to  a  red  heat,  in  a  well  cover- 
ed  micibl^.  The  mixture  fuses,  and  the  excess 
oi' sulphur  is  gradually  driven  off»  and  protosul- 
phoret  of  iron  remains*  This  sulphuret,  when 
in  crystals,  has  a  yellow  colour,  the  metallic 
lustre,  and  a  specific  gravity  of  about  4^. 

When  it  is  reduced  to  jjowdcr,  and  digested 
iof  a  sufficient  length  of.  time  in  nitric  acid,  the 
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sulpllur  is  converted  into  sulphuric  add,  while 
the  iron  at  the  same  thne  is  oxydized.  If  the  so* 

lution,  thus  changed,  be  mixed  with  a  suiBcicnt 
quantity  of  muriate  of  barytes,  aolphate  of  ba- 
rytes  j)rccipilatcs,  the  weight  of  which  enables 
us  to  determine  the  proportion  of  sulphur  wliicii 
the  protosulphuret  of  iron  contains.  100  ^ins 
of  protosulphuret,  treated  in  tliis  way  by  Beize- 
lius,  yielded  him  269  grains  of  sulphate  of  bs» 
i}tcs.*  This  weipfht  exceeds  the  truth  a  little; 
because  a  portion  of  the  oxide  of  iron  is  precipi- 
tated along  with  the  sulphate  of  barytes,  suffi- 
cient to  give  it  a  reddish  yellow  ooloor.  Wheo 
the  oxide  of  iron  is  precipitated,  in  the  first  place, 
by  means  of  ammoni%  and  tiic  requisite  precau- 
tions taken  to  prevent  any  of  the  sulphuric  add 
from  iLMiKiining  in  combination  with  this  preci- 
pitate, the  sulphate  of  bar}ies  is  perfectly  whitfi^ 
and  weighs  almost  exactly  967*37  grains.  Nov* 
267*37  grains  oi  sulphate  of  barytes  contain  al- 
most exactly  36*36  grains  of  sulphur.  Thus  it 
appears  that  100  grains  of  protosulpluirct  of  iron 
contain  36*36  grains  of  sulphur*  ConseqiieQtfjf* 
the  constituents  of  the  protosulphuret  are 

Sulphar       36-36      or  2 
Iron  63-64       -  5-500S 

100  00 

It  is  obvious  that  this  protosulphuret  is  a  com- 

*  Ann.  dc  Onm.  LXXVHI.  ISG. 
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pound  of  1  atom  sulpliur  and  1  atom  iron  ^  and, 
cmeqaently,  that  an  atom  of  iron  weighs  ^'^^ 
These  observations  apply  only  to  piolosulphuret 
of  inm  formed  artificially*  The  native  porotosui- 
phuret,  ^hen  dissolved  in  muriatic  al^id*  always 
depositei§  a  little  sulpliur.  Hence,  it  contains 
eidier  a' small  mixture  of  persulphuret  of  iron  or 
of  sulphur. 

Now,  it  iS  possible  to  convert  protosulphurct  ^J^jv^ 
of  iron  into  neutral  protosulphati;  of  iron,  by  J"^' r"^**- 
careful  digestion  in  a  sufficient  quantity  of  dilute  >ron. 
nitiic  acid.  Hence  it  follows,  that  the  sulphur 
and  iron  have  the  same  ratio  to  each  other  in 
protosulphuret  and  protosulphate  of  iron  j  name- 
ly, the  ratio  of  to  3'5.  When  2  of  sulphur  are 
oonverted  into  sulphuric  acid,  they  become  5 ; 
and  when  3-0  oi  iron  are  converted  into  pro- 
toxide, they  become  4»'5,  as  is  obvious  f  rom  what 
has  been  stated  above.  Hence  it  is  clear,  that 
17*375  grains  of  protosulphate  of  iron  must  con- 
tain exactly  4*5  grains  of  protoxide  of  iron  $  as 
the  quantity  of  sulphuric  acid  has  been  shown  to 
be  5  cfrains.  Tiius  tlie  propuilioii  ol'acid,  oxide, 
and  water  in  17*375  grains  of  protosulphate  of 
iron  has  been  rigidly  made  out ;  and  the  com- 
ponent parts  of  tlie  salt  are  as  follows : 

I  atom  sulphuric  acid  5 

1  atom  protoxide  of  iron  4*5 
7  atcnw  water         ,  7*875 

17^*75 
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Experi.  5.  Berzelius  lias  fixed  the  atomic  weight  of 
iron  at  3*93^5^  or  (as  the  ttumter  should  have 
l^fnfJhe  been)  S-SdS.  His  conclusion  is  fouiulecl  upon 
^""^  libe  following  experiment:  100  grains  of  iron 
were  dissolved  in  muriatic  acid,  and  the  hydro- 
gen gas  evolved  being  burned  over  lime  water, 
a  quantity  of  carbonate  of  lime  precipitated, 
which  weighed  4*1 25  grains.  Now,  this  is  equi- 
valent to  0*495,  or  very  nearly  half  a  per  cent, 
of  carbon.  The  solution  was  boiled  with  nitric 
acid,  to  peroxidi/o  the  iron  j  it  was  then  preci- 
pitated by  caustic  atumonia*  The  precipitate, 
being  washed,  dried,  and  calcined,  weighed  148*5 
grains ;  but,  if  99*5  grains  of  iron  yielded  14^*5 
grains,  it  is  evident  that  100  grains  would  have 
yielded  144*S  grains.*  Thus  it  f<dlowS|  fihat  pe- 
roxide of  iron  is  a  compound  of 

Irhi       100       or  8'S93 
Oiygen      44'-2      -  1*5 

But  this  experiment  does  not  seem  susceptible 

of  complete  accuracy,  unless  it  were  made  upon 
iron  in  a  state  of  perfect  purity ;  for  we  are  not 
certain  that  alt  the  carbon  is  converted  into  car- 
buretted  hydrogen  gas.  The  strong  smeii  of  the 
gas  evolved  indicates  the  presence  of  some  oily 
or  bituminous  substance,  which  may  be  partly 
deposited  betbre  the  combustion  of  the  hydrogen 
gas.   Besides,  different  experimenters  have  ob> 

*  Aiuu  dc  Chim.  LXXVIIL  29a 
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lainctl  different  results  in  tliis  way.  I  made  two 
expenments  with  great  care.  In  oiie»  100  iroa 
were  converted  into  14t<6  of  peroxide  $  in  an- 
other, into  14475  grains.* 

Hasaeniratz  found  that  100  grains  o£  iron» 
calcined  on  a  cupel;  were  converted  into 
grains  of  peiuxide.t    In  another  experiment, 
100  iron,  when  thus  treated,  became  145  per- 
oxide* 

BucholZy  by  an  experiment  similar  to  tliat  ot* 
fierzelius,  obtained  14i^  grains  of  peroxide  from 
100  grains  of  iron.t 

Gay-Lussac,  from  iUU  graiiis  oi  iron,  obtained 

143*35  grains  of  peroxide^S 

The  mean  of  all  these  experiments  gives 
4J'W3  for  the  quantity  of  oxygen  N\hich  unites 
with  100  of  iron*  Hence,  peroxide  of  iron  ac- 
cording to  these  expeiuneuts  is  composed  of 

Iron       100  or  S-46S 

Oxygen    43*303      -     1-5      .  ^ 

Now,  3*463,  the  atomic  weight  of  iron  de- 
duced from  these  experiments,  approaches  nearer 
to  3-5,  the  weight  deduced  from  the  experiments 
above  described,  than  to  i3er%ehus'  number. 

6.  I  determined  the  atomic  weight  of  the  Atom  or 
peroxide  of  iron  m  the  following  manner:  7*5 mm aetcr- 
grains  of  cubic  pyrites,  very  carefully  selected, 

♦  Ni^koo's  Journal,  XXVII.  378.  f  Ibid.  XX  Vl.  149. 

I  DiifL  XXV,  S53L         S  Ann.  de  Chim.  III.  366. 
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were  reduced  to  a  Gosrae  powder*  and  digested 
iu  dilute  nitric  acid  till  the  whole  was  dissolved. 
Ao  excess  (^caustic  ammonia  was  then  poured 
into  the  solution,  by  which  die  peroxide  of  iron 
was  throwii  down.  It  was  collected  on  a  double 
filter,  washed,  driedt  and  exposed  to  a  red  beat 
It  weighed  exactly  5  grains.  The  residual  li- 
quid,  thus  freed  from  iion,  was  concentrated,  in 
order  to  drive  off  the  excess  of  ammonia.  It 
was  then  mixed  with  a  sufficient  quantity  of  mu- 
riate of  barytas  to  throw  down  all  the  sulpluinc 
acid.  The  sulphate  of  barytes^  thus  obtained 
being  washed,  dried,  and  heated  to  redness, 
weighed  ^9'^  grains,  equivalent  to  4  grains  of 
sulphur.  From  this  experiment  it  is  evideot, 
that  peisulpliuret  oi Hon  is  composed  of 

Sulphur  4 
Iron  S*5 

7-5 

or  two  atoms  sulphur  and  1  atom  iron.  But 
during  tiie  experimeut  the  S*5  of  iron  were  con- 
verted into  peroxide,  which  weighed  5.  Hence 

it  IS  obvious,  that  peroxide  ol*  uou  la  composed 
of 

Iron         S*5   or  1  atom 
Oxygen     1*5    -  l|«toai 

5 
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Consequently,  when  100  parts  of  pure  iron  are 
coQverted  into  peroxide  they  become  142*837. 

7*  Peroxide  of  iron  has  the  property  of  corn- 
Lining  with  water,  and  ibnuing  with  it  a  per- 
hydrsute.  This  compound  is  ibund  native,  and 
constitutes  what  the  Grermans  call  irameisefh 
stem.  lyAubuissou  first  sliowed  it  to  be  a  per- 
hydrate  of  iron«  Very  irequently  it  is  mixed 
iritfa  a  little  oxide  of  manganese  and  silica* 
This  is  almost  always  the  case  with  the  variety 
csUed  hematite.  But  when  the  perhydrate  19 
pure,  it  is  a  compound  of 

1  atom  water  1*1S5 

1  atom  peroxide  of  iron  5 

A  portion  of  this  water  is  very  easily  dissipated  : 
hence,  unless  very  carefully  examined,  Uie  por- 
tion of  water  will  turn  out  rather  less  than  an 

atom. 

8.  I  found,  many  years  ago,  that  when  100  FcmMo. 
parts  of  iron  arc  oxydized  by  passing  the  steam  Gay* 
of  water  over  them  at  a  red  heat,  they  combine 
with  09^528  parts  of  oxygen.*  Bucholz  ana- 
\y/x\i  hon  by  the  same  process,  and  fouiid  that 
100  grains  of  the  oxide  thus  obtained,  when 
converted  into  peroxide  by  nitric  add,  became 
110  grains.    Hence,  he  inferred  that  100  oxy- 

•  NidmlMMi'ft  Jour.  XXVIl.  Sm 

zs 


Digitized  by  Google 


« 


856  iROK»  NICKEL,  COBALT,  &C. 

dized  by  steam,  combine  with  ^*87  grains  of 

oxyi^en.*  This  is  nearly  the  same  result  as  1 
obtained.  But  from  the  subsequent  experi- 
ments of  Gray-Lussac  it  would  appear  that  in>n» 
oxydized  in  fhis  inauiicr,  unites  with  more  oxy- 
gen than  was  found  either  by  Bucliolz  or  my* 
self*   He  found  the  oxide  composedt  of 

Iron  100     or  3-5 

Oxygen       S7'S  -  1-323 

Now,  1'323  is  veiy  nearly  1^  oxygen.  Ueuce, 
it  would  appear  diat  this  supposed  oidde  is  a 
compound  of  1  atom  iron  +  1^  atom  oxygen. 
ISfow,  this  is  just  the,  proportion  of  oxygen  which 
would  result  from  the  combination  of  1  inte- 
grant particle  of  protoxide,  and  £  integrant 
particles  of  peroxide  of  iron ;  for 

1  atom  protoxide  is  composed  of  3*5  iron  4-  I  oxygen 

2  atoms  peroxide  of      .       .       7  4-3 

To^     '  .       .       .     10*5  4 

And  %^  «  3*5 ;  and  4^  »  li.   So  that  such  a 

compound  would  obviously  consist  of  l.atom  of 
iion,  and  1^  atom  o;s:ygen.  ,  , 

When  this  oxide  of  Gay-Lussac  is  dissolved 
in  sulphuric  acid,  and  alcohol  poured  upon  the 
sulphate,  a  solution  of  persulphate  of  iioix.is^ob* 

•  Nicholson  s  Jour,  XXV.  363.      f  Ann.  Oe  CWm.  LXXX. 
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taioedy  while  protosulphatc  remains  undissolved. 
From  this  and  several  other  facts  stated  by  Gay- 
Lussac  in  his  Memoir,  it  is  evident  that  this 
substance  cannot  be  considered  as  a  peculiar 
oxide,  but  as  a  combination  of  protoxide,  and 
peroxide  in  the  proportions  above  stated. 

From  the  phenomena  which  appear  during  "i^^^^;^  to 
the  manufacture  of  Prussian  blue,  there  arepniffiaa 
strong  reasons  for  considering  the  iron  which  ' 
tbat  pigment  contains  as  in  the  state  of  Gay- 
Liissac's  oxide,  or  as  a  mixture  or  compound  of 
1  part  of  protoxide  with  2  parts  of  peroxide. 
For  if  we  attempt  to  make  Prussian  blue  by 
means  of  persulphate  of  iron  at  once,  we  get 
a  pigment  apparently  of  the  finest  colour;  but 
80  intense  that  it  appears  quite  black  when  dry. 
The  manufacturers  always  find  it  necessary  to 
(employ  protosulphate  of  iron.    The  Prussian 
blue,  when  first  thrown  down,  is  an  exceedingly 
iight  blue  powder*    This  powder  is  continually 
washed  with  water  for  a  fortnight  or  thr^ 

weeks.  The  shatic  [j;rLi(.Uially  deepens  during 
the  washings,  and  when  it  is  judged  suihciently 
deep,  the  water  is  drained  off  and  the  pigment 
allowed  to  dry. — From  niy  knowledge  of  this 
process,  I  am  disposed  to  think  that  protoxide 
and  peroxide  of  iron  are  capable  of  uniting  in 
the  proportion  of  1  atom  of  the  former  to  2 
atoms  of  the  latter.  But,  with  the  exception  of 
Pnisaian  blue,  I  am  not  aware  of  any  combina* 

Z3 
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tion  into  which  this  compound  is  capable  of 

entering. 

SECT.  IL 

OF  THE  ATOMIC  WBIGHT  OP  KICKEL. 

The  atomic  weight  of  nickel  and  its  protoxide 
may  be  detennined  without  much  difficulty  fiom 
the  sulphate,  which  I  find  to  be  a  compound  of 
1  integrant  particle  of  sulphuric  add,  1  inte- 
grant particle  of  protoxide  of  nickel,  and  7  inte- 
grant particles  of  water.  This  salt  has  a  fine 
grass  green  colour,  and  crystallizes  in  four^^ided 
rectangular  prisms.  Its  taste  is  astringent,  but 
not  strong,  and  it  is  very  soluble  in  water. 

cfrHXei  ^'  17*1^  grains  of  the  crystals  of  this  salt 
analyzed,  wcrc  dlssoIved  in  water,  and  mixed  with  a  solu- 
tion of  13*^  grains  of  chloride  of  barium*  A 
double  decomposition  took  place,  and  sulphate 
of  barjrtes  precipitated.  The  clear  residual  li* 
quor  being  tested  by  sulphate  of  soda  and  ma* 
riate  of  barytes,  was  not  affected  by  either, 
showing  that  it  contained  neither  barytes  nor 
sulphuric  acid.  It  is  obvious  from  this  experi- 
ment, that  17*125  grains  of  crystallized  sulpliate 
of  nickel  contain  just  the  quantity  of  sulphuric 
add  necessary  to  saturate  the  barytes  from  13*d5 
grains  oi  chloride  of  barium  ^  that  is  to  say,  ex- 
actly 5  grains  oi  this  acid. 
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%  When  17*1^  grains  of  crystallized  sulphate 
oi  nickel  are  exposed  to  a  heat  of  60U°  ior  half 
an  hour,  they  lose  6*^  gtaios  of  their  weighty  or 
rather  more  than  5i  atoms  of  water.  But  at  this 
temperature  the  salt  does  not  lose  its  green 
Golour,  and  consequently,  still  retains  water. 

When  17*1^  grains  of  the  SLilt  are  exposed  to  a 
low  red  heat,  they  lose  tiieir  green  colour,  and  in 
general,  diminish  in  weight  8  grains.  But  the 
salt  which  has  been  thus  treated,  is  not  com- 
pletely soluble  in  water,  though  very  nearly  so : 
henoe^  a  small  portion  of  its  acid  has  been  dis- 
engaged. From  this  experiment,  whicii  1  have 
olien  made,  it  appears  that  the  water  of  crystaUi- 
nation  in  17*125  grains  of  sulphate  of  nickel  is  not 
quite  so  high  as  8  grains.  In  one  experiment  in 
which  the  heat  was  appUed  with  much  caution, 
the  loss  of  weight  was  7*8  grains,  and  the  salt 
was  completely  soluble  m  water.  It  is  obvious 
from  this,  that  the  water  of  crystalUzatiOn  in 
\T'125  grains  oi"  buJ{)halo  oi'  nickel  hus  between 
7*8  and  8  grains*  J^jow,  7*87^  grains  of  water 
are  equivalent  to  7  atoms  of  that  liquid :  and  as 
tlie  quantity  oi  acid  in  this  weight  oi  suit  is  just 
5  grains,  equivalent  to  an  atom,  we  can  have  no 
doubt  that  the  true  quantiy  of  water  is  likewise 
equivalent  to  7  atoms,  or  7 '8?^  grains. 

Five  add  and  7*875  water,  make  ia-875,  which 
being  subtracted  from  17*1^  leaves  4*^,  which  ^  ^>^^ 
must  be  tlie  weight  of  protoxide  of  nickel,  and 
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must  likewise  (since  the  salt  is  neutral)  indicate 
the  atoQiic  weight  of  protoxide  of  nickel.  Thus 
it  appears^  that  sulphate  of  nickel  is  composed  of 

1  atom  sulphuric  acid  5 
1  atom  protoxide  of  nickel  4*25 
7  atoms  water  .  7*875 

There  is  no  reason  to  doubt  that  this  oxide  b  a 

compound  of  1  aLoiii  nickel  and  1  atom  oxygen. 
Atom  of   An  atom  of  nickel,  therefore,  must  weigh  3*^. 

d«  Besides  the  protoxide  of  nickel  there  is  an- 
otlier  oxide,  having  a  black  colour,  which  was 
first  pointed  out  by  Thenard,  and  which  be  ob< 
tained  by  passing  a  currenf  of  chlorine  gas 
through  water,  having  protoxide  of  nickel  sus- 
pended in  it  A  portion  of  the  oxide  dissolves 
in  the  muriatic  acid  evolved,  while  another  por- 
tion assumes  a  black  colour  and  is  converted  ioto 
peroxide.  It  will  be  obvious,  from  the  account 
given  below  of  the  constitution  of  this  oxide, 
that  id  of  the  protoxide  ot  nickel  must  be  dis- 
solved and  converted  into  muriate  of  nickeli 
while  ids  become  peio-xide  oi  nickel  and  remain 
undissolved. 

Atom  of      When  peroxide  of  nickel  is  dissolved  in  aift> 

nkkvU  nionia,  an  eflervescence  takes  place,  owing  to  ih^ 
escape  of  azotic  gas:  for  the  peroxide  is  con- 
verted into  protoxide  at  the  expense  of  the  hy* 
di  ogen  of  the  ammonia.    An  effervescence  also 
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takes  place  when  this  oxide  is  digested  in  acida: 

the  excess  of  oxygen  flies  off  in  the  state  ot  gas, 
and  the  protoside  thus  formed  uuites  wi(k  the 
acid.  From  some  experiments  of  Rotho£^  quoted 
by  Berzelius,*  it  would  appear  that  the  oxygen 
in  peroxide  of  nickel  is  to  that  in  the  protox- 
ide as  8  to  2.  If  this  be  the  case,  the  atomic 
weight  oi  peroxide  oi  nickel  will  be  4'7^>  ^"d  it 
will  be  a  compound  of 

* 

1  atom  nickel      •      •  3*25 
H  atom  oxygen   •      .  1*5 

< 

if  this  supposition  be  well  founded,  47*5  grains 
of  peroxide  of  nickel,  when  dissolved  in  sulplm- 
ric  acid,  will  lose  5  grains,  or  l4f''7J  i  cubic  inches 
of  oxygen  gas. 

■ 

SECT.  111. 

OF  THE  ATOMIC  WEIGHT  OF  COAALT. 

The  sulphate  of  cobalt,  when  pure,  crystallizes 
in  mall  red  rhombic  prisms,  very  similar  ta  jthe 
ciystalline  form  of  protosulphate  of  iron.  It 
nay  be  exposed  to  an  incipient  red  beat,  and 
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deprived  of  the  whole  of  its  water  of  crystaUiaa* 

tion  without  losings  any  of  its  acid, 
suiphnto  of    1,        grains  of  aDhydrous  sulphate  of  cobalt 

cobalt  aiuu  »f  » 


lyisd.     were  dissolved  in  water,  and  fhe  liquid  mixed 

with  a  solution  of  13'^  grains  of  chloride  of  ba- 
rium. A  double  deoonqKMitioa  took  place ;  aol- 
phate  of  barytas  predpttated,  and  the  dear  re> 
sidual  Uquid  being  examined,  was  not  adected 
by  sulphate  of  soda  or  muriate  of  bar^tea— ahow- 
ing  that  it  contained  neither  barytes  nor  sulphu- 
ric acid.  From  this  experiment  it  is  obvious, 
that  9*^  grains  of  anhydrous  sulphate  of  cobalt 
contain  exactly  5  grains  of  sulpliuric  acid  :  the 
remaining  4t*U5  grains  must  be  protoxide  of  co- 
balt  Consequently,  this  salt  is  composed  of 

Sulphuric  acid       .       .  5 
Pkotoxide  of  cobalt       *  4*25 

The  salt  being  ncutial,  and  5  being  tlic  atonuc 
Atom  oT  weight  of  sulphuric  acid,  4*^  must  be  ttie  atomic 
SroMt  weight  of  protoxide  of  cobalt 

5.  Wlien  17*125  grains  of  crystallized  sulphate 
of  cobalt  are  exposed  to  an  incipient  red  heat  in 
a  platinum  crucible,  they  lose  7*875  grains  of 
their  weight.  Now,  this  is  equivalent  to  7  atoms 
of  water.  It  is  obvious  from  this  experiment, 
that  sulphate  of  cobalt  is  composed  precisely  as 
sulphate  oi  nickel,  or  of 
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1  atom  mliihisic  aoid  5 
1  atompntinadeof  oobilt  4rtt5 
7  ^feonis  water  7*875 


17*125 

3.  There  seems  no  reason  to  hesitate  about 
considering  this  oxide  as  a  compound  of  1  atom 

oxygen  and  1  atom  cobalt.  On  that  supposition, 
the  atomic  weight  of  cobalt  will  be  3*26p  the  Atom 
same  as  the  atomic  weight  of  nickel* 

4-.  If  protoxide  of  cobalt  be  a  compound  of  1 
atom  cobalt  and  1  atom  oxygen,  it  fbUowSy  that 
100  parts  of  this  oxide  are  composed  of 

cobalt  .       ,       •  76'47 

Oxjgen       .      .      .  23'53 

lOOOO 

Now»  when  the  protoxide  of  cobalt  is  precipitated 
fiom  an  add,  edulcorated  and  dried  in  the  open 
air,  it  absorbs  oxygen  dui*ing  tlie  drying,  and  is 
converted  into  a  black  powder,  whidi  is  the  per- 

oridc  of  cobalt.  TTiis  peroxide  dissolves  with 
effervescence  in  muriatic  acid,  wiuie  chlorine  gas 
is  disengaged.  When  heated,  it  gives  out  oxygen 
gas ;  and,  from  the  experiments  of  IlothofF,  as 
stated  by  Berzelius,*  it  appeals,  tliat  when  111 
grains  of  peroxide  of  cobalt  are  heated,  they  ai*e 
converted  into  100  grains  of  protoxide  :  so  tliat 
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100  grains  of  protoxide  become  peroxide  by 

uniting  with  1 1  grains  of  oxygen.  But  11x2 
ss  2^  which  approaches  very  near  the  oxygen  in 
100  grains  of  protoxide* 
Atom  of  From  this  we  see  that  the  oxygen  in  the  prot- 
SSdk^  ^oxide  is  to  that  in  the  peroxide  as  to  Con- 
sequently, the  atomic  weight  of  peroxide  of  co- 
balt must  be  4*7^,  and  it  must  be  a  compound 
of 

1  fttoni  cobftit  S^8S 

]  ^  alum  oxygen  1*5 

4-75 

Thus  its  composition  and  weight  agree  with 
those  of  peroxide  of  nickel ;  like  that  peroxide^ 
it  does  not  appear  capable  of  uniting  with  acids, 
nor  of  entering  into  any  permanent  combina* 
tions  like  the  peroxide  of  iron, 

SECT.  IV. 

OF  THE  ATOMIC  WEIGHT  OF  MANGANESE. 

•The  atomic  weight  of  the  protoxide  of  this 
metal  may  be  made  out  irom  the  protosulphate 
in  the  same  way  as  the  protoxide  of  iron,  nickel, 
and  cobalt.  Protosnlpiiate  of  manganese,  when 
pure,  forms  large  transparent  crystals,  having  a 
beautiful  flesh  colour,  and  the  shape  of  a  very 
obhque  rhombic  prism,  the  iaces  of  whicii  meet 
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at  ajigles  of  about        and         Its  taate  is 

somewhat  similar  to  that  of  Glauber's  salt,  but 
rather  more  disagreeable ;  and  like  that  salt»  it  ' 
acts  as  a  cathartic  when  taken  to  the  extent  of 
about  lialf  an  ounce.  It  is  very  soluble  in  water, 
but  is  not  altered  by  exposure  to  the  air»  wtietiior 
the  atmosphere,  be  dry  or.  moist 

i.  io'l'Z'j  grains  ot  these  crystals  were  dissol- Suiphtt* of 
ved  in  water,  and  the  liquid  mixed  witii  a  solu- 
tbn  of  13-S5  grains  of  chloride  of  barium.  A 
double  decomposition  took  ])jacc,  and  wlien  the 
sulphate  of  barytes  had  subsided,  tlie  resuUial 
liquid  was  neither  aftcted  by  sulphate  of  soda 
nor  muriate  of  barytes.  From  this  experiment 
it  follows,  that  i5*^25  grains  of  protosulphate  oi' 
manganese  contain  exactly  6  grains  of  sulphuric 
acid. 

.  2,  When  15*1^  grains  of  protosulphate  of 
manganese  are  heated  in  a  platinum  crucible, 

they  melt,  and  the  water  of  crystallizatiou  is  gra- 
dually dissipated.  But  it  is  scarce  possible,  by 
this  process,  to  drive  off*  the  whole  water  of  crys- 
tallization without  allowing  some  of  the  acid  at 
the  same  time  to  escape.  Dr.  John,  from  15-1^ 
grains  of  this  salt,  drove  off  5-345  gr^uns  of  wa- 
ter. I  repeated  this  experiment  with  great  care, 
and  found  that  I  could  disengage  5*48  grains  of 
water  lioin  15'125  grains  of  the  salt.  jJiit  ii'the 
heat  was  raised  high  enough,  to  prutiuce  agieatm* 
dioiinution  of  weight,  a  portion  of  tbe  salt  was 
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altered  in  its  appearance,  and  lendeied  iaso- 
luUe. 

Five  atoms  of  water  weigh  5*625,  wliicii  weight 
exceeds  5-48  by  only  0*145,  or  about  the  eighth 
part  of  an  atom.  There  is  no  reason  to  doobt 
that  the  aqueous  portion  oi  tills  salt  constitutes 
a  determinate  number  of  atcuns;  and  sinoe 
15-1^  of  the  salt  contain  exactly  one  atom  of  sul- 
phuric acid,  the  atomic  weight  of  the  water 
must  exist  also  in  the  same  quantity.  Now,  die 
results  just  stated  point  out  unequivocally  tliat 
five  atoms  of  water  are  united  in  it  with  an  inte- 
grant particle  of  anhydrous  protosulpbate.  Thos 
it  appears,  that  15*1^  grains  of  protosulpbate 
of  manganese  contain  5*625  grains  of  water. 

3.  The  five  grains  of  sulphuric  acid  and  the 
5*625  grains  of  water  make  together  10*6^ 
grains.  This  quantity,  subtracted  from  the  on* 
ginai  weight,  leaves  4*5,  which  must  denote  the 
quantity  of  protoxide  of  manganese  present. 
Thus  it  appears,  that  protosulpbate  of  manganese 
is  composed  of 

Sulpliuric  acid  5 
Protoxide  of  manganeae  4*5 
Water   .      .      .  S'6»5 

Atom  of   ^  ^  neutral,  and  as  5  is  the  weight  oi 

prntoxiric       atoffl  of  sulphuric  acid,  4*5  must  be  the 

M.       atomic  weight  of  piutoxide  oi  manganese. 
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Thus  it  appears*  that  protoxide  ol  manganese 
and  protoxide  of  iron  have  the  same  atomic 
weight.  It  protoxide  of  manganese  be  a  com- 
pound  of  one  atom  manganese  and  one  atom 
oxygen,  (as  there  is  the  strongest  reason  for  be* 
iieviog)  then  an  atom  of  manganese  weighs  3*5, 
or  the  same  as  an  atom  of  iron. 

4.  Manfcanese  occurs  most  commonly  in  the  Niim 
state  of  a  black  coloured  oxide,  which  has  been 
long  employed  to  depriye  glass  of  its  colour,  and 
b  at  present  consumed  in  great  quantities  by 
the  bleachers  and  tlie  preparers  of  the  bleaching 
powder.  This  black  oxide  is  most  commooljr 
impure ;  but  it  occurs  occasionally  crystallized 
in  small  needles,  which  have  tiie  ibrm  of  rhom- 
Uc  priamsi  and  the  lustre  and  colour  of  iron* 
though  rather  darker.  I  have  met  witii  speci- 
atens  of  this  kind  perfectly  pure.  When  11 
gmitts  of  this  pure  oxide  are  kept  for  sme  time 
in  a  low  red  heat  in  a  platinum  crucible,  they 
lose  exactly  one  grain  of  their  weight,  which 
ooQusts  of  pure  oxygen  gas.  By  this  exposure 
to  heat,  the  metallic  lustre  disappears,  and  the 
mass  assumes  a  brownish  black  cdour*  The 
powder  thus  formed  is  a  peculiar  oxide  of  man- 
ganese^ for  it  dissolves  without  effervescence 
ia  sulphuric  and  in  muriatic  acid,  and  forms 
dark  red  coloured  solutions.  This  sulphate  apd 
muriate  do  not  crystallize  ^^-indeed,  when  the 
muriate  is  heated,  chlorine  gas  is  evolved,  and 
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the  common  colourless  protomuiiate  oi  manga- 
nese obtained.  But  the  red  sulphate  of  manga- 
nese may  be  coticeiiUated  witiiout  losing  its  co- 
lour. Sulphurous  acid,  or  nitrous  add,  instantly 
renders  it  colourless,  by  depriving  it  of  the  ex- 
cess of  oxygen  which  it  contains  above  the  pro- 
tosulphate. 

Tlius,  besides  the  protoxide  of  manganese,  there 
are  two  other  oxides,  both  of  which  are  black. 
1  determined  the  composition  of  the  brownish 
black  oxide  in  ilie  following  way  :  A  quantity  of 
carbonate  oi  manganese,  which  I  knew  to  con- 
tain exactly  45  grains  of  protoxide,  was  dissol* 
ved  in  nitric  acid  in  a  platinum  crucible ;  the 
solution  was  evaporated  to  diyness,  and  the  cru- 
cible with  its  contents  was  then  exposed  to  a  red 
heat :  by  this  means,  the  nitric  acid  was  deoom- 
posed,  and  driven  off,  and  a  black  shining  pow- 
der obtained,  which  weighed  exactly  50  grains. 
This  black  powder  possesses  the  same  properties 
with  the  brownish  black  powder  obtained  by  ex- 
posing native  black  oxide  ot  manganese  to  a  low 
red  heat— for  it  forms  the  same  red  ooloured 
solutions  with  sulphuric  and  muriatic  acids, 
wiiich  are  rendered  colourless  by  sulphurous 
acid,  or  when  heated  with  sugar.* 

*  When  etibonile  «r  mugMMte  k  eqioNd  to  a  red  beil^  it  iMumei  • 

brown  colour  ;  but  is  not  converted  into  deutoxidc^  unltM  it  be  prefioiulf 
miicd  with  nitric  add.  A  quanti^  of  carbonate  containing  4*5  graim 
ofpfotoiidc  of  inanganea^  when  thus  tmted,  instead  of  weighing  5  ^^jtdns 
as  it  would  do  if  it  woe  convarled  into  deutotidc^  oolj  wdgiai  4'6  or 
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Thus  it  appears,  tiiat  45  protoxide  of  manga- 
nese become  50  deutoxide ;  or,  protoxide 
becone  5  deutoxide  :  but  4*5  is '  the  atomic 
weight  of  protoxide  oi  manganese,  and  .it  con- 
tains  1  atom  of  oxjgeiL  Five»  therefore,  must 
be  the  atoniic  weigbt  of  deutoxide ;  and  it  is  ob- 
viously a  compound  of 

1  Atom  mangums  S'5 
H  atom  oxygen  1-5 

5*0 

It  is,  therefore,  similar  in  its  composition  to  tiie 
peroxide  of  iron.  As  its  colour  is  either  a  brown<b 
tth  Mack,  or  a  shining  black,  according  to  the 
moile  of  preparing  it,  we  cannot  with  propriety 
diitiaguiah  it  by  its  colour ;  and  shall,  therefore^ 
hencefortli  give  it  tlie  name  of  deiUoxide  of  man- 

^  The  conqposition  of  deutoxide  of  manga* 

» 

jjciiups  %  \  vhowin;^'  that  it  i?»  ^tiil  partly  in  the  state  of  protoxide.  l  Uu 
'^^^^^  oT\f<luin  manffinoso-man^anicum  of  Arfwedson,  which  he  cotuiider* 
^(^powd  of 

1  atom  proloxide  4<6 

2  tloniB  dcutoiide  10 

4-SS33  a  atomic  wciglH  of  Hw 

VkBtl»  Mack  ondtbcspoMd  to  too  high  a  taapcfateic^  tt  boeooMB 
^•■latooa  to  thb  in  its  coiwpoaitiop,  ihowing  that  it  ii  partly  oonvcHal 
^•imloiidt, 
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nB^  being  ktewn,  it  is  ledty,  Snm  whatlvn  been 

already  said,  to  defcermine  the  composition  of 
tlie  native  biack  oxide  employed  by  mumfao 
turers :  11  Ueck  ozide^  wfaeii  beiited  to  rednen^ 
Atomic  lose  1  of  oxygen,  and  become  10  deutoxide  ;  or, 
vAdch  is  the  same  tbiog,  5*5  black  oxide»  Whan 
deprived  of  0'5  oxygen,  become  5  dentoodde  $ 
consequently,  the  atomic  weight  of  native  black 
oxide  is  5*5,  and  it  is  obviously  composed  of 

1  atom  manganese  3'5 

2  atoms  oxygen  2 

* 

5-5 

This  is  an  oxide  not  analogous  to  any  of  the 

known  oxides  of  iron,  nickel,  or  cobalt.  It  Ims 
been  hitherto  distinguished  by  the  name  of  per*' 
tmde  qf  manganese ;  hut,  as  there  is  reason  to 

beUeve  that  manganese  forms  at  least  one,  if  not 
two  additional  oxides,  it  will  be  lietter  honce- 
forth  to  call  it  tritoxide  of  manganese. 

6.  Scheele,  many  years  ago,  made  a  curious 
experiment  with  the  tritoxide  of  manganese* 
He  mixed  it  with  caustic  potash,  and  exposed  it 
to  a  heat  sufficiently  strong  to  melt  the  alkali. 
The  fusion  being  kept  up  for  some  time,  a  dark 
green,  or  blackish  mass  was  formed,  which  was 
soluble  in  water.  By  degrees,  a  yellow  powder 
precipitates  from  this  solution,  and  the  liquid 
a^isuaies  a  I/iuc  colour    some  time  after,  die  co- 
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lour  becomes  vioki,  and  then  red  ;  and,  finally^ 
'Uack  oxide  of  imuiganese  precipitate  and  the 
Iquid  loses  all  cohxir.   In  consequence  of  this 

curious  succession  of  colours,  the  liquid  thus  ob- 
taiaed  used  to  be  distiuguu>hed  hy  U)e  name  of 
mnecal  chametean.  We  may  employ  saltpetre 

instead  of  potash,  and  the  process  will  succeed 
e^ualJy  well.  When  the  liquid  had  assumed  a 
led  cohMiTt  CheviUot  end  £dwards*  concentrate 
ed  it  by  evaporation,  and  obtained  a  red  colour- 
ed salt  in  needles*  This  salt  is  neutral,  and  is 
composed  of  potash,  united  to  an  oxide  of  man- 
ganese, which  posses^s  acid  properties,  and 
'wbicb,  consequently,  is  dtfferent  from  the  throe 
oxides,  which  have  been  alr^dy  noticed. 

This  red  salt  has  received  the  name  of  num-  ^^J2I?* 
jnMff  Vf  poinff^   It  possesses  some  singular 

.properties.  It  crystallizes  in  four-sided  rectaii- 
"gular  prisms^  has  the  diamond  lustre,  a  purple 
■cdour,  mid  a  taste  at  first  sweet,  and  similar  to 

that  of  walnuts,  but  which  leaves  a  very  disa- 
greeable impression  in  the  moutli.  When  these 
CfjnBtais  are  heated,  in  oontact  with  hydrogen 
gas,  they  set  it  on  fire.  They  detonate  violently 
with  phosphoruB,  set  fire  to  sulphur,  antimony, 
and  aisemc,  land  rival  chlorate  of  potash  itself  in 
their  power  oi  supportmg  combustion.  The  acid 
cannot  be  separated  firom  this  salt  without  de- 

*  Aon.  de  Cbim.  el  de  Fhyt.  VIII.  337. 
A»2 


Uigiiized  by  GcJOgle 


IRON,  NICKEL9  COBALT,  && 


composition.  Sulplniric  acid  disengages  it  firom 
the  potash ;  but  when  we  endeavour  to  separate 
the  sulphate  of  potash  by  evaporation,  the  red 

colour  disappears,  and  tritoxide  of  manganese 
precipitates, 

Fflfdihain.    fiut  Dr.  Forchhamtner  succeeded  by  a  veiy 

of  obtaining  ingenious  process  in  obtaining  rmriganesic  acid 
IZeST^  in  a  separate  state,  (h*  at  least  combined  merely 
with  water.  He  mixed  together  tritoxide  of 
manganese  and  crystallized  nitrate  of  barytes, 
and  exposed  the  mixture  to  a  beat  just  sufficient 
to  produce  the  fusion  of  the  salt.  Great  care,  he 
says,  must  be  taken  not  to  drive  oil*  tlie  water  of 
crystallization,  otherwise  the  process  does  not 
succeed.*  The  nitric  acid  is  s^'adually  decompose 
ed.  The  tritoxide  of  manganese  unites  with  more 
oxygen,  is  converted  into  an  acid,  and  combines 
with  the  barytes,  as  that  alkali  is  disengaged. 
After  the  process  is  finished,  the  mass  must  be 
digested  in  water,  which  dissolves  any  pure  ba- 
rytes, or  nitrate  of  barytes,  that  may  be  present ; 
but  does  not  touch  the  compound  of  barytes  and 
acid  of  manganese,  which  is  insuluble  in  that 
liquid.  To  this  insoluble  residuum  Dr.  Forcb- 
hammer  added  the  quantity  of  sulphuric  acid 
just  capable  of  saturating  all  the  barytes  which 
it  contained.   The  acid  of  manganese  in  the 

*  I  twre  not  atlcniiilcd  to  icpett  tiiia  pn)cw%  bccmiw  ]  hmve  never  met 
tridi  M7  mtnUe  of  bttytM  that  conlained  any  water  of  oTtlaUiiaiMMV  A% 
far  as  mj  olNervationt  ^  di*  lalt  is  always  anliydrous. 


Digitized  by  Google 


mass  is  immediately  resolved  into  two  substances, 
tiitoude  of  manganese,  and  manganesic  acid* 
The  frnmer  remaios  mixed  with  the  sulphate  of 
barytes ;  but  the  latter  dissolves  in  water,  and 
gives  that  liquid  a  beautiful  red  colour. 

7*  When  tritoxide  of  manganese  and  nitre  are 
heated,  the  solution  is  at  first  green^  and  it  gra- 
dually passes  into  red,  while,  at  the  same  time, 
a  quantity  oi  deutoxide  of  manganese  precipi- 
tates. When  au  acid  is  poured  into  the  green 
ooloaied  solution,  it  becomes  red ;  an  alkali,  on 
the  other  hand,  renders  the  red  coloured  solution 
ffeeiL  When  alcohol,  or  any  animal  or  vege- 
Me  substance,  is  added  to  the  red  solution, 
deutoxide  of  manganese  precipitates  while,  at 
tbe  same  time,  the  red  colour  is  destroyed. 

Dr.  Forchhammer  is  of  upiiuon,  Iruin  these 
and  similar  phenomena,  that  there  are  two  acids 
of  manganese,  which  he  calls  numganous  and 
nianganesic  acids — the  former  containing  the 
kast,  and  the  latter  the  most  oxygen.  The 
imaiganous  add  exists  in  the  green  coloured 
liquid,  which  is  a  compound  of  that  acid  and 
potash;  while  the  red  salt  is  a  compound  of 
Siangan  esic  acid  and  potash. 

8.  To  determine  the  composition  of  manga- ^^^mcUioa 
nous  acid.  Dr.  Forchhammer  prepared  a  quantity  ing  mtn. 
of  the  manganite  «f  potash,  and  decomposed  it  SdT*' 
by  the  addition  of  a  solution  of  nitrate  of  lead« 
A  dark  coloured  precipitate  fell,  consisting  of  a 
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combination  of  peroxide  of  lead  and  deiutoxide 
of  manganese ;  and  thia  precipitate  he  cooadob 
ed  as  containing  all  the  oxygen  and  all  the  man- 
ganese which  existed  in  the  manganous  acuL 
This  precipitate,  being  washed  and  dried,  was 
mixed  with  bisnlphate  of  potash,  and  exposed  to 
a  beat  capable  of  fusing  it  in  a  retort  The  oj^ 
gen  gas  given  out  was  collected  and  measuredf 
its  weight  was  0*1303  parts.  The  salt  in  the  re- 
tort was  dissdved  in  water  (die  lead  remaimag 
behind  in  the  state  of  sulphate)  ;  the  manglMW 
was  precipitated  by  carbonate  of  soda,  and  ex* 
posed  to  a  red  heat  The  4letitoxide  obtained  by 
this  process  weighed  0'282  parts. 

Now,  deutoxide  oi  manganese  is  (as  we  have 
seen)  a  compound  of  3*5  manganese  +  1*5  oxy- 
gen ;  ccmsequently,  0*^2  parts  of  this  oxide 
contain 

Mangmcte  0-1974 
Oxygen  .  0'OS46 


02S20 

If  to  this  portion  of  oxygen  we  add  the  0-1303 
parts  driven  off  by  heat,  we  shall  have  mangSp 
noua  acid  composed  of 

Manganese    0*1974     or  $'5 
Oxygen        0*214ii     -  a*810S 
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Haw,  3*8103  approaches  nearly  to  4i  atoms  of 
oxj^gen^from  which  it  would  appear^  thatmaiv 
gaiioiia  acid  ia  a  compound  of  1  atom  manganese 
and  4  atoms  oxygen ;  and  that  its  atomic  weight 
k^'5,  But  Dr.  forcbhaimiier  covohp^  (though 
I  do  not  sec  the  force  of  his  reasoning),  that,  in 
reality,  nianganous  add  contains  only  3  atoms  at* 
oiygeoy  united  to  1  atom  of  manganese.  Its 

atomic  weight,  on  that  supposition,  will  be  6'5. 

Dr.  J^'orchhammer's  process  of  experimenting  And  man. 
and  reasoning,  by  which  he  made  put  the  com-  SS^"^ 
position  oi  maiiganesic  acid,  is  very  ingenious^ 
but  rather  abstruae.  I  shall  endeavour  to  lay  ^ 
ttmple  view  of  it  before  the  reader : — ^Through 
a  solution  of  manganite  of  potash^  he  passed  a 
'  cmreut  of  carbonic  $cid  gas.  By  this  process 
the  manganite  was  converted  into  manganate 
of  potash  ;  while,  at  the  sapae  time;,  0*130 
parts  of  deutoxide  of  manganese  were  thrown 
down.  Tlie  nKniganatc  was  then  decomposed* 
by  means  of  alcohol  ^  0*£14  parts  of  deutoxide 
of  manganese  were  precipitated.  Now,  by  the 
first  process,  the  manganesic  acid  Ibnncd  con- 
tained all  the  oxygcm  in  the  manganous  aci4f 
except  what  remained  in  the  portion  a£  the  deu- 
toxide  separated.  The  whole  deutoxide  separat- 
ed was  0*1^  +  0*^14  -  0-350  i  and  thip  was  th^ 
quantity  of  deutoxide  contained  in  the  manga- 
aous  acid.    The  manganesic  acid  contained 

only  0414  parts ;  and  with  theses  0*^14  parts 
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there  was  combiDed  just  as  much  oxygeu  as  with 
the  0*850  parts  in  the  matigatioin  add. 

But  manganous  acid  is  composed  of  5  deu- 
toxide  of  manganese  +  1  *5  oxygen ;  consequent- 
ly, 0«d50  are  compoBed  of  0*d4>5  deatoxide  + 
O'lO^  oxygen ;  and  maiiganesic  acid  is  a  com* 
pound  of 

Deutoxide  of  manganese  0*SIi 
Oxygen  0-105 

Deutoxide  of  manganese  is  a  compound  of  S'3 
manganese  +1*^  oxygen  \  consequently,  O'^l*^ 
deutoxide  consists  of  0-1498  manganese  +  0O64i2 
oxygen.  By  adding  together  the  0-105  oxygeu 
and  the  0*064^,  we  obtain  0'1(^^  tor  the  whole 
oxygen  in  manganesic  acid,  combined  with 
0*1498  of  manganese.  Thus  it  appears,  that 
manganesic  acid  is  a  compound  of 

Man«ranesc        0  1498    or  3-5 
Oxygen  0-1692    .  4()ao 

0*5190 

If  we  make  the  same  allowance  ibr  excess  of 
oxygen  that  Dr*  Forchhammer  made  in  the  case 

of  iiKiiio-uiaus  acid,  manganesic  acid  may  be 
considered  as  a  compound  of  1  atom  manganese 
and  4  atoms  oxygen,  which  would  mke  its 
atomic  weight  7*5. 

It  would  appear  from  the  preceding  inveatiga^ 
tion,  that  oxygeu  and  maugaatic  combine  in  no 
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fc  w  ii  tluin  5  proportions,  and  form  J  oxides^  the 
composition  of  wbicb  i«  as  ioUows : 

■ 

WKOA^ESE.         0,VG«M.  Oxide  «f 

1  PMoude         .  3*5  +1  mffynt^. 

t  Dealoatide        «  •      5>-.5  -f  1*6 

3  Triloxicb  0*5  4*  S 

4  MaDganous  acid  .       .       3*5  +  3 

5  Manganesic  acid  •      .       3-5  +4 

9*  Berzelius  describes  an  oxide  of  manganete 
coDtaiimig  less  oxygen  than  any  of  the  preced- 
iog.  It  was  obtauoeci  by  leaving  metallic  man* 
ganese  for  more  than  a  year  in  a  phial  not  very 
dosely  corked.  It  fell  into  a  dark  coloured 
powder,  which,  according  to  Berzelius*  analysis, 
or  nrther  calculation,  was  a  compound  of 

Manganese       .       •  100 

Oxygen  .       .  lOGGG 

1  have  had  no  opportunity  of  making  any  ex- 
periments on  this  supposed  oxide:  but,  if  it 

exist,  it  must  be  a  compound  of  atoms  man- 
g^ese  with  1  atom  oxygen.  This  would  con- 
sist of 

Mangaaeae      10*5   or  100 
Oxygen  1*0    -  9-5239 

which  differs  but  fittle  from  the  estimate  of  Ber- 
zelius. 

10.  Dr.  John  Ibund,  that  when  metallic  man*  subaxideof 
ganese  is  put  into  water,  that  liquid  was  slowly 
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decotnpoaed  $,~hydrogea  910  being  evckwed, 

while  the  manganese  lost  its  metallic  lustre  and 
assumed  a  green  colour  :  80  parts  of  manganese 
thus  treated,  became  9^  parts  of  the  new  oixide. 
Now,  80  :  12  :  :  8*5  :  0-525.  Hence  it  would 
appear  that  this  oxide,  which  I  have  not  had  an 
opportunity  of  examining,  is  a  compound  of  1 
atom  manganese  and  half  an  atom  of  oxygen ; 
or  of 

2  atoms  manganese  •  •  7 
1  atom  oxyi^en    •      •      •  1 

8 

This  oxide  is  incapable  oi'  uniting  with  acidaj 
but  Dr.  Forcbhammer  has  made  a  set  of  experi- 
ments to  show  that  it  combines  with  sulphur,  and 
that  it  constitutes  the  mineral  found  in  Traosyl- 
vania  and  Cornwall,  and  considered  at  present 
as  a  sulphuretted  oxide  of  manganese.  It  seems, 
however,  proved  that  the  Transylvanian  ore  is  a 
sulphuiet  of  manganese. 

I  think  the  existence  of  the  supposed  protox- 
ide of  manganese  of  Berzelius  exceedingly 
doubtful .  But  I  see  no  reason  to  doubt  the  ex- 
istence of  the  suboxide  of  John— though  that 
chemist  was  mistaken  in  considering  it  as  the  basb 
of  the  salts  of  manganese.  The  real  basis  is  the 
substance  which  I  have  here  distinguished  by 
the  name  of  protoxide,  and  wbich  contains  just 
twice  as  much  oxygen  as  the  suboxide  of  John* 
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Of  all  tlie  sul)staiiccs  hitherto  examined,  man- 
ganese is  capable  of  uniting  with  the  greatest 
number  of  doses  of  oxygen. 

SECT.  V. 

OP  THE  ATOMIC  WEIGHT  OF  CERIUM. 

Cerium  has  not  hitherto  been  obtained  in  the 
metailic  state ;  but  it  has  been  asccstained  that 
it  combines  with  two  piopoi  tions  of  oxygen,  and 
fonns  two  oxides ;  both  of  which  possess  ^alka- 
line  prop^eSy  and  are  capable,  of  conseqneneev 
of  cooibiniDg  with  acids,  and  of  constituting  the 
bases  of  a  variely  of  salts. 

The  only  person  who  has  bilSierto  attempted  ^4^***' 
ta  determine  the  atomic  weight  of  this  metal  aud}y»«fiby 
its  oxides,  is  M.  Himnger.  His  deductions  were 
made  from  an  analysis  of  the  protomuriate  of 
cerium.  A  quantity  of  this  salt  was  dissolved  in 
water,  and  the  muriatic  acid  thrown  down  by 
nitrate  of  silver.  The  chloride  of  silver,  after 
fiisioD,  weighed  1*819»  equivalent  to  0*4609  parts 
ef  muriatic  acid.  The  sohitton  havin|if  been  freed 
by  muriatic  acid  from  the  excess  of  silver  which 
it  contained,  was  mixed  with  carbonate  of  am- 
monia to  llmyw  down  the  protoxide  of  cerium. 
This  oxide,  after  being  heated  to  redness  in  a 
dose  vessel,  weighed  0*6M  parts.*   from  tllis 

•  Auikaifi  ot  I'liiUisophy,  IV.  3^ 
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analysis  it  follows,  that  protomuriate  of  cerium 
is  composed  of 

Muriatic  add  -        0*4609   or  4*685 

Protoxide  of  cerium  0*684     -  6-86S 

As  the  salt  was  neutral*  the  conclusion  to  be 

drawn  from  this  analysis  is,  that  the  atomic 
weight  of  protoxide  of  cerium  is  5*86^. 

But  I  think  there  is  reason  to  suspect  that  the 
muriatic  acid  in  this  analysis  is  somewhat  over- 
rated, and  the  protoxide  of  cerium  somewhat  un- 
derrated :— At  least,  I  generally  'find,  that  when 
nitrate  oi  silver  is  poured  into  the  solution  of  a 
metalline  salt,  the  chloride  obtained  contains 
traces  of  the  metal  previously  in  combination 
witli  the  muriatic  acid.  In  order  to  obtain  cor- 
rect results  from  the  analysis  of  a  metalline  mu* 
riate,  the  metallic  oxide  should  be  thrown  down 
in  the  first  place,  by  means  of  an  alkaline  car- 
bonate or  pure  alkali ;  and  after  the  metallic  ox- 
ide has  been  separated  by  the  filter,  the  liquid  is 
to  be  neutraUzed  by  nitric  acid,  and  the  muriatic 
acid  thrown  down  by  nitrate  of  silver. — These 
coumlerations  induced  me  to  make  the  following 
experiments  in  order  to  determine  the  atomic 
weight  of  protoxide  of  cerium. 

1.  A  quantity  of  oxalate  of  cerium  was  ex- 
posed to  a  red  heat,  in  order  to  destroy  the  add 
which  it  contained^  The  peroxide  of  cerium 
thus  obtained,  was  dissolved  in  muriatic  acid, 
and  the  Ucpid  \\d6  repeatedly  evaporated  to  diy- 


Digitized  by  Google 


C£AIUX« 


S81 


ness  with  an  excess  of  acid  till  it  became  quite 
colourless.  Carbonate  of  ammooia  was  then 
mixed  with  it  in  sufficifiDt  quantity  to  throw 
down  the  protoxide  of"  cLiiuin  in  the  state  of  a 
carbonate.  The  carbonate  oi'  cerium,  when  al- 
lowed to  dry  in  ihe  open  air»  was  a  very  light, 
bulky,  white,  tasteless  substance,  in  small  scales 
or  plates,  somewhat  resembUng  the  appearance 
of  earthy  talc»  It  was  dissolved  in  dilute  sul- 
phuric acid  till  the  acid  refused  to  take  up  any 
moie.  The  solution  was  colourless,  and  on  being 
sufficiently  concentrated  deposited  protosnlphate 
of  ceriuin  in  small  crystals,  which  had  the  ionn 
of  six-sided  prisms,  and  some  of  them  seemed  to 
be  three-sided  prisms  ;  hut  tliey  were  too  .small 
to  admit  ot  any  thing  like  an  accurate  measure- 
ment of  th^  angles. 

This  salt  has  a  flesli  colour,  a  sweet  taste,  with 
a  aligbt  degree  of  astringency^  and  the  property 
of  reddening  vegetable  blues.  It  is  pretty  solu- 
ble ia  water ;  tiiough  the  precise  degree  was  not 
determined 

2.  15-625  grains  of  these  crystals  were  dis- 
solved in  distilled  water,  and  the  liquid  mixed  n 
with  a  dmilar  solution  of  13*^  grains  of  chlo- 
ilde  of  barium.  A  double  decomposition  took 
place,  sulphate  of  barytes  precipitated,  and  the 
residual  liquid  was  not  affected  by  sulphate  of 
soda  nor  muriate  of  barytes.  Hence,  it  con- 
tained no  sensible  quantity  of  suljAuric  acid,  or 
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tarytes*   From  this  expecmimt  it  fiiUowi^  diat 

15'625  grains  oi  piotosulphate  of  cerium  OOD- 
tain  5  grains  of  tulpbuiic  acid. 

d.  15'6£5  gnons  of  die  crystals  of  protosul- 
phateof  cerium  were  exposed  for  an  hour  on 
4iie  sand  bath  to  a  heat  of  about  SOif  or  xather 
more.    The  loss  of  weight  was  grains  ; 

and  this  loss  was  not  increased  though  the  heat 
was  continued  for  twent?^  four  hours.  The  sak 
tlius  treated,  had  become  white.  It  still  red- 
dened vegetable  blues,  and  was  completely  solu- 
ble in  water.  Hence,  the  loss  of  waght  must 
be  ascribed  to  the  escape  of  water.  Now,  the 
weight  of  three  atoms  of  water  is  equivalent  to 
grains.  This  exceeds  the  loss  of  weight, 
actually  sustained  by  the  salt*  by  0'25  grains, 
equivalent  to  ^^th  of  an  atom.  The  salt  being 
as  neutral  as  possible,  and  15*625  grains  of  it 
containing  5  grains  of  sulphuric  acid,  which  is 
-equivalent  to  an  atom,  the  same  weight  <^  salt 
must  contain  a  determinate  numher  of  atoms  of 
water ;  and  it  is  obvious,  that  the  true  quanti- 
ty of -water  must  be  S  atoms,  or  8-375  grains. 
I  ibund  that  the  ^It  could  not  be  rendered  per- 
iectly  anhydrous  without  at  the  shme  tfane  losiiig 
a  j)oi  tion  of  its  acid. 

4<.  five  sulphuric  acid,  and  3*37^  water  added 
together  make  8*375,  which  bang  subtracted 
from  15*625,  the  total  quantity  of  salt  used, 
ileaires  7*£5,  ifrhich  must  represent  the  weight  of 
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protoxide  of  cerium  in  the  salt,  and  must  also  be 
the  atomic  weight  ef  that  protoxide. 

liom  the  preceding  analysis  the  reader  will 
perceive,  that  protosulpbate  of  cerium  is  com- 
posed of 

1  atom  sulphuric  acid   .  5 
1  atom  protoxide  of  cenum  7*25 
3  fltmns  irater 


7*25,  then,  is  the  true  atomic  weight  of  protoxide  Atom  of 
of  cerium,  which  is  a  little  higher  thaa  the  nam- 


ber  deduced  from  Hisinger^s  analysis  of  the 
muriate  of  cenum.  The  probable  reasou  for 
tUs  difference  has  been  already  hinted  at. 

5.  According  to  Hisingcr's  experiments  the 
oxygen  in  the  protoxide  of  cerium  is  to  that  in 
the  peroxide  as  2  to  3.  My  stock  of  cerium 
was  not  sufficient  to  enable  me  to  make  a  simi- 
lar set  of  experiments  on  peroxide  of  cetium*  of  per. 
But  there  is  every  reason  to  confide  in  the  ratios 
which  Hisinger  has  deduced  irom  his  analyses  ^ 
all  of  which,  having  been  made  in  the  same 
way,  would  be  subject  to  the  same  en'ors,  which 
would  not  aflect  the  ratios  between  the  two 
oxides,  though  it  had  an  e^t  upon  their  abso- 
lute weights.  It  is  easy  from  these  ratios  to  de- 
duce the  atomic  weights  and  composition  oi 
cerium  and  its  oxides,  as  follows : 


oxide  of 
mium. 
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Cerium  6*25 

Protoxide     7 '25  compoaed  of  1   atom  4.   1  atom 
Peroxide      7*75  1  + 

Action  of  6.  The  following  experiments  to  determine  tiie 
enects  of  reagents  on  protomunate  of  cenum, 
though  they  contain  Httle  novelty,  are  perliaps 
worth  recording  ^  because  the  salts  and  all  the 
reagents  used  were  exceedingly  pure. 

1.  Fhiaiiate  of  poladi — chalky  white  precipitate. 
9.  GaUie  acid  and  infiiaion  of  galls — O. 

S,  Oxalic  acid — A  copious  \^  hite  precipitate. 

4.  Oxalate  of  Ammoma — Dittos  redissolved  by  agitation. 

5.  Tartaric  acid — O- 

6.  Tartrate  of  potaih  A  coptoua  white  prectpitale. 

7.  Biturtiste  of  potaab— O. 

S«  Fhotphoric  add— A  white  pffedpitale. 

9.  Phosphate  of  aoda — Ahundance  of  white  flockt. 

10.  Carbonate  of  ammonia— >A  milk  white  flocky  precipitate. 
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CHAP.  XL 

■  •  « 

OF  THE  ATOMIC  WEIGHTS  OF  ZINC,  CADMIUM, 

*  ■ 

LEAD,  TIN,  BISMUTH,  COPPEB^M^BCURY, AND 
SILVER. 

TtasE  eight  metals  possess  several  properties  in 
common  by  which  they  are  distinguished  firom 
ali  the  other  metalsu  1.  They  all  posBess  a  cer-  oivact^ 
tain  degree  of  malleability  ;  for  bismuth,  by  fai* 
the  most  brittle  of  them  all,  may  be  dimpled  by 
a  Uow  of  the  hammer;  and  zinci  the  next  ui 
order,  is  very  malleable  at  a  temperature  some- 
what above  that  of  boiling  water.  2.  They  all 
mek  at  rather  low  temperatures,  when  compared 
with  the  meitiog  point  of  most  of  the  other 
metals ;  for  copper,  which  requires  the  greatest 
heat  to  melt  it,  may  be  fused  in  a  common  fire 
urged  by  bellows.  It  requires  some  care  to  keep 
t  sQver  crucible  red  hot  in  a  common  fire  with- 
out fusing  it  The  other  six  meit  in  a  heat  be- 
low redness*  Indeed,  mercury  requures  so  very 
little  heat  to  melt  it,  that  it  remains  always  fluid 
even  in  our  coldest  winter  weather.  3.  Tljeir 
oxides  are  easily  decottiposed  by  heat  and  char- 
coal, so  that  there  is  no  difficulty  in  obtaining 
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these  bodies  in  the  metallic  state,  and,  compara- 
tively speaking,  in  a  state  of  considerable  purity. 
4.  When  the  last  seven  of  these  metals  are  held 
in  solution  by  an  acid  (particularly  sulphuric,  or 
muriatic,  when  these  acids  form  soluble  salts 
witii  the  metallic  oxide)  if  we  introduce  into  the 
solution  a  plate  of  zinc,  the  metal  previously  in 
sohition  is  thrown  down  in  the  metallic  state, 
while  a  corresponding  portion  of  the  zinc  is  dis» 
solved  in  its  place.  A  plate  of  cadmium  intro- 
diiced  into  a  solution  ot  any  of  the  six  metals 
placed  alter  it  in  the  title  of  this  chapter,  will 
abo  throw  it  down  in  the  metallic  state,  while  a 
corresponding  portion  of  the  cadmium  enters 
into  solution*  In  like  manner  a  plate  of  lead 
will  throw  down  any  of  the  five  metals  after  it 
in  the  metalUc  state,  A  plate  of  tin  will  throw 
down  any  of  the  four  metak  after  it ;  a  plate  of 
bismuth,  any  of  the  three  metals  after  it;  a  plate 
of  copper  either  of  the  two  metals  aiter  it;  and 
mercury  will  throw  down  diver  in  the  metallio 
state. 

But  silver  is  incapable  of  throwing  down  any 

of  the  other  metals  mentioned  in  the  title  of 
this  chapter,  tliough  it  is  itself  thrown  down 
them  all.  Mercury  throws  down  sUver,  but 
none  of  the  others ;  copper  tluovvs  down  mer- 
cui^  and  silver,  but  none  of  those  that  prececte 
it  The  same  remark  applies  to  every  particufair 
metal  ^  it  throws  down  all  those  which  are  placed 
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^fter  it  in  the  title  of  the  chapter^  but  none  of 
tbo^  that  are  placed  before  it* 

Iron  has  likewise  ttie  property  of  throwing 
down  all  the  metab  belonging  to  this  chapter, 
except  2inc,  in  the  metallic  state.  Wheti  a  plate 
of  zinc  is  put  into  a  solution  o(  iron,  the  iron 
Mb  rety  dowly  in  the  state  of  peroxide.  Cop. 
per  is  a  good  precipitant  of  mercury  and  silv  er  ; 
zinc  precipitates  cadmium,  tin,  and  copper  very 
well  fWim  muriatic  acid,  and  lead  very  well  firom 
acetic  acid. 

The  reader  will  recollect  that  the  atomic 
weight  of  ^nc  was  established  in  the  first  sec- 
tion of  the  first  chapter  of  this  work.  The  know- 
ledge of  it  was  necessary  in  order  to  enable  us 
to  determine  the  specific  gravities  of  oxygen 
and  hydrogen  gases,  upon  which  the  whole  doc- 
inne  of  htomic  proportions  ultimately  depend* 
The  weight  of  an  atom  of  zinc  is  4*25  ;  it  com- 4*^** 
bines  with  only  one  proportion  of  oxygen,  and 
forms  one  oxide,  the  atomic  weight  of  which  is 

SECT.  L 
OF  rm  AT6MIC  wfiioRT  OF  CADif ira . 

■* 

» 

CADMniM  is  still  a  very  scatice  metal;  but  by 
the  kindness*  of  Mr.  Harepath,  I  was  fkvoured 
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with  a  quantity  of  the  matter  which  adheres  to 
the  roof  of  the  room  in  which  zinc  is  smelted  in 
Bristol.  This  sublimate  contains  about  ten  per 
cent,  of  cerium  by  extracting  it,  I  have  had 
it  in  my  power  to*  examine  the  constitution  of 

its  diflereiit  salts.  Strom eyer,  to  whom  \ve  iire 
indebted  for  our  knowledge  ot  this  metal,  has 
analyzed  several  of  its  salts,  and  ascertained  how 
much  the  metal  increases  in  weight  when  it  is 
converted  into  an  oxide:  and  6^om  the  well 
known  precision  of  this  exceDent  chemist*'  we 
have  every  reason  to  expect  tliat  the  results  of 
his  analyses  will  give  us  the  atomic  wei^t  of 
this  metal,  at  least  exceedingly  near  the  truth. 
It  will  be  proper^  therefore,  in  the  first  place  to 
state  his  experiments. 

M.  Stromeyer  analyzed  the  carbonate,  sul- 
phate, nitrate,  muriate,  phospate,  and  borate  of 
cadmium.  He  has  not  yet  published  the  details 
ot  his  analyses  j  or  at  least,  the  second  volume  of 
his  UrUersmhungmi^  m  which  they  will  probably 
be  found,  has  not  yet  reached  Great  Britain. 
This  puts  it  out  of  our  power  to  judge  oi-  the 
accuracy  of  the  data  which  he  employed  in  Us 
calculations.  Under  this  uncertainty,  I  shall 
make  ciioice  of  the  sulplmte  to  determine  the 
atomic  weight  of  cadmium,  because  I  know 
from  other  analyses  which  he  has  published  in 
detail,  that  he  employs  the  constituents  of  sul- 
phate of  barytes  as  given  by  Berselius,  which, 
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thougil  not  rigidly  exact,  approach  exceedingly 
near  the  tnith. 

According  to  Stromeyer,  sulphate  of  csni^f^f^^ 
mium  has  a  good  deal  of  resemblance  to  sul-cmim'""^ 

,  by  Slro- 

phate  of  zinc  in  its  appearance.   Its  crystals  are  bhtw. 

four-sided  rectangular  prisms,  which  are  veiy 
soluble  in  water,  and  effloresce  rapidly  when 
exposed  to  the  sir.  .Heat  easily  drives  off  the 

^vatcl•  ot"  crystallization  ;   but  the  salt  may  be 
exposed  to  a  red  heat  witliout  losing  any  of 
its  sdd;  thia  makes  it  easy  to  determine  its  ' 
water  of  crystallization.    The  constituents  of 
this  salt  as  determined  by  Stromeyer  are 

Sulphuric  add  •  SS*52SO 
Otideaf  cadiniiim  45*9564 
Water    .  35*SSM 


100  • 

Now,  these  numbers  bear  to  each  other  the 
Aame  ratios  as  the  following : 

Sulphuric  acid      •  5 
Oxide  of  cadminm  S*0567 
Water  4*454 

It  will  be  obvious  to  the  reader  that  5  Is  the 

number  which  denotes  the  atomic  weight  oi  bul- 
phoric  add ;  4^454  is  so  near  4*5,  which  repre- 
sents the  weight  of  four  atoms  of  water,  that  we 
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can  have  no  doubt  that  four  atotds  is  the  exad 

quantity  of  water  m  aa  integrant  particle  of  the 
aait  It  is  more  than  probable  th|it  the  0<M6, 
which  is  wanting  to  complete  the  weight  of  the 
four  atoms  of  water,  has  been  given  ta  tbe  oxide  ot* 
oadnium.  Hence^itislikely  thattheix>liatituent| 
of  tiie  salt  sliould  liave  been  stated  as  fpUowa  : 

1  atom  tulphuric  add       »  5 

1  8lM  oKule  of  cadnittiii  «v  8*0107 

4  atoms  water  ^  4'5 

8*0107  denote  the  weight  of  an  atom  of  oxide  of 

cadmium,  according  to  this  analysis — a  number 
approaching  8  so  nearly,  that  we  can  have  no 
hesitation  in  making  choice  of  8  as  the  true  ato> 
mic  weight  of  tliis  oxide.  For  it  is  obvious 
from  the  great  number  of  atoms  akeady  investi- 
gated, as  well  as  to  be  investigated,  that  all  the 
atomic  weights  of  simple  bodies  are  multiplea 
of  0*d5.  Now»  8  is  such  a  multiple  while 
neither  8-0567  nor  8-0107  is 

To  determine  the  composition  of  sulphate  of 
cadmium  with  thfe  requisite  exactness,  I  pre- 
pared a  quantity  of  very  pure  crystals,  by  crys- 
tallizing a  rather  concentrated  solution  of  the 
salt  under  the  exhausted  receiver  of  the  air- 
pump  over  sulphuric  acid.  The  cfystals  weM 
lai^e,  flat,  Ibur-sided  prisms,  apparently  sedangu* 
lar,  but  from  their  eihoresdng  property,  I  was 
not  able  to  measure  their  angles  by  the  reflecting 
goniometer*  In  most  of  them,  Uie  edges  were 
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truncated,  rendering  ihe  priim  hexagonal,  and  it 

was  terminated  at  both  extremities  by  an  elon- 
gated hexagon*  These  ciTStals,  after  four  suc- 
cessive crystallizations,  still  reddened  vegetable 
blues.  Hence,  I  conclude  that  oxide  of  cad- 
mma^  like  oxide  of  zinc,  is  incapable  of  com- 
pletely iieutrali/ing-  sulphuric  acid.  The  taste 
ot  the  salt  has  some  resemblauce  to  that  of  sul- 
phate of  zinc ;  but  it  is  rather  tqore  iicrid  und 
disagreeable. 

Guided  by  the  analysis  of  Stromeyer  giyen  Expen. 
above,  I  dissolved  17*^  grains  of  these  crystals,  dbTautLr. 
dry,  but  quite  tree  from  efilorescence,  in  water, 
and  mixed  the  floiution  with  one  of  18*^  grains 

of  chloride  of  barnim.  After  the  sulphate  of 
barytes  had  subsided,  the  supematant  liquid  was 
tesfced  by  sulphate  of  soda  and  muriate  of  hs^ 
rytes,  but  it  was  not  aflected  by  either.  From 
this  we  see  that  17'^  grains  of  crystallized  sul« 
phate  of  cadmium  contain  just  5.  grains  of  sul- 
phuric acid. 

17'^  grains  of  the  same  crystals,  heated  very 

cautiously  to  redness  in  a  platinum  crucible,  lost 
just  4*5  grains,  which  is  equivalent  to  4t  atoms  of 

water* 

The  acid  and  water  in  17*5  grains  of  sulphate 
of  cadmium  amounting  to  9'i»  gnuns,  it  is  obvi»- 
eosy  Aat  tfae  8  grains  wanting  to  make  np  the 
wliole  weight  must  be  oxide  of  cadmium  ^  ^nd 
that  the  true  composition  isf  the  jsalt  is 
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1  atom  sulphuric  acid  5 
1  atom  oxide  of  cadmium  8 
4«toaitwater  4^5 

I  placed  an  exceedingly  concentrated  aoltitioD 
ot  sulphate  of  cadmium,  along  with  sulphuric 
acid,  under  tlie  exhausted  receiver  of  an  air 
pump.  Instead  of  crystallizing,  the  liquid  de- 
posited a  white,  bard,  shapeless  crust,  similar  in 
appearance  to  enamel*  When  a  solution  of  15-^ 

grains  of  this  crust  was  mixed  with  a  solution  of 
13'^  grains  ot  chloride  of  barium,  a  double  de- 
composition took  place ;  and  after  the  sulphate 
of  barytes  had  subsided,  the  supernatant  liquid 
was  tested  with  sillphate  of  soda  and  muriate.of 
barytes,  but  was  not  affected  by  either*  Hence 
the  constituents  of  this  crust  are 

1  atom  Milphiiric  acid  5 
1  atom  oxide  of  ddnuom  8 
atoms  va«er  M5 

15*25 

Sulphate  of  zinc  has  the  property  of  being  de- 

posited  in  the  same  way,  as  was  shown  in  the 
first  section  of  the  third  chapter  of  this  work* 
.  Several  of  the  other  salts  of  cadmium  were 

likewise  analyzed.  The  results,  which  will  be 
seeu  in  a  subs^equent  chapter,  ail  coincide  to 
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Aow  that  8  is  the  atomic  weight  of  oxide  cf^^^^  »^ 

.    .  oxide  of 


IfHIIII 


Hum*  cadmiimu 

As  cadmium  unites  with  only  one  dose  of 

oxygen,  it  is  obvious  that  the  oxide  is  a  com- 
pound of  one  atom  cadmium  and  one  atom  oxy- 
gen: coDsequently,  the  atomic  weight  of  cad«Atomof 

mium  must  be  7-  This  is  corroborated  by  Strom- 
eyer's  experiments.  He  found  that  100  cad- 
mium»  when  oxydized,  were  converted  into 
114-352  of  oxide  of  cadmium.  Therefore,  oxide 
of  cadmium  is  composed  of 

Cadnumn   100*     or  6*9677 
Oxygen      14*352  -  1 

6*9677>  the  atomic  weight  of  cadmium,  deduced 
from^  this  experiment,  approaches  very  nearly  to 
7f  the  number  deduced  from  the  sulphate.  That 
it  should  be  rather  less  than  7  is  not  surprizing ; 
for  cadmium  is  so  volatile  a  metal,  that  it  is  not 
essy  to  expose  it  to  heat,  without  some  loss. 

Stromeyer  likewise  formed  and  analyzed  some 
alloys  of  cadmium.  They  deserve  our  attention, 
because  they  serve  to  corroborate  the  accuracy 
of  the  atomic  weight  which  has  been  assigned  to 
cadmium. 

The  aUoy  of  cadmium  and  platinum  is  a  com-  AUoy  or 

J      _  cadmium 
pound  01  andplau. 


Flattnum     46*0S      or  12 
GMlmiimi     $8*98      -  14-07 
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It  will  appear  hemAer»  that  the  12  letveientft 

the  atomic  weight  of  platinum.  14-()7  must  de»- 
note  two  atoms  of  cadmium  ^  for  the  alloy  con- 
ntB  obviously  of  1  atom  of  platinmn,  united  to 
£  atoms  of  cadmium.  The  atom  ot  cadmium^ 
deduced  &am  this  alloy,  is  7*095. 
^"^S^  '"'"^^ffl"  ^  cadmium  is  composed  of 

iinu 

Cadmium     21*7391       or    61/ U 
Mercury      78*2609       -  25 

100 

^  is  the  atomic  weight  of  mercury,  so  that  the 
amalgam  is  a  compound  of  1  atom  mercury,  md 
1  atom  cadmium*  The  atomic  weight  cad- 
mium,  deduced  Irom  tliis  amalgam,  is  6*914-, 

The  atom  of  Gadmium«  deduced  irom  a  mean 
of  these  two  alloys,  is  6*9B95 ;  and  if  we  deduce 
tlie  atomic  weight  of  this  metal  £rom  a  mean  of 
these  four  sets  of  experiments  of  Stromeyer, 
which  is  the  most  likely  way  to  come  at  the  truth, 
we  obtain  7*00085.  Now,  this  approaches  so  verjr 
near  7,  that  the  most  scrupulous  chemist  can* 

not  hesitate  aljoiit  iidopting  7  tlie  true  atomic 
weight  oi  tins  metal  so  tiiat  the  experiments  of 
Stromeyer,  even  without  mine,  are  sufficient  to 
establish  that  luiportaut  point. 

Thus  it  appears  that  an  atom  of  cadmium 
weighs  7,  and  an  atom  of  oxide  of  cadmium  8. 
Suiphurct  of  cadmium,  when  digested  in  nitric 
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acid,  is  converted  into  sulphate  of  cadBnoiii.  It 
i3,  tberefiore^  a  compound  of  one  atjom  sulphur 
and  one  atom  radwinm^  and  Us  atomic  iraight 

is  9. 

SECT-  IL 

OF  THE  ATOMIC  WEIGHT  OF  LEAD. 

L  HAVE  ah*eady  in  a  ibrmer  section  of  this  work 
described  an  experifnenti  from  which  the  atomic 
weight  of  protoxide  of  lead  is  easily  deduced. 
Nitrate  of  lead  crystallizes  in  white  opaque  oc- 
ibedroiufi  and  is  quite  anhydrous.  £0*75  grains 
of  it  are  just  decomposed  by  11  grains  of  anhy- 
drous sulphate  of  potash^  and  the  sulphate  oi 
lead  obtakMd  we^hs  exactly  19  grains.  Now, 
these  19  grains  contain  5  grains  of  sulphuric 
add ;  so  that  the  salt  must  be  a  compound  of 

Siilpbarie  acid  5 
Protoxide  of  lead  U 

19 

The  salt  being  neutral,  and  5  representiiig  the 
weight  of  an  atom  of  sulphuric  acid»  lit  must  m 

represent  the  weight  o£  an  atom  of  protoxide  of 

If  it  be  a  compound  of  1  atom  lead  and  1  Atom  or 

atom  oxygen,  then  an  atom  of  lead  weighs  13  ; 
d  that  13  ia  the  true  weight  oi  an  atom  of  lead 
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will  appear  &om  the  foUowiog  expei  iment :  16 
grams  of  pure  galena  or  solphuret  of  lead  were 
reduced  to  pow  Jer,  and  digested  with  nitric  acid 
in  a  small  retort»  the  weight  of  which  had  been 
previously  ascertained,  and  marked  upon  it  with 
a  diamond-  By  this  process  the  galena  was  gra- 
dually converted  into  sulphate  of  lead.  When 
the  conversion  was  completed,  the  nitric  add 
was  distilled  06.,  and  the  retort  was  kept  in  a 
heat  of  above  eOQf*^  tiU  it  became  quite  dry  in 
the  insidL^ ;  it  was  then  allowed  to  cool,  and  the 
weight  of  the  sulphate  of  lead  thus  ionned  was 
exactly  19  grains.  Now,  5  of  these  grains  are 
sulphuric  acid,  containing  2  grains  of  sulpimi ; 
oonsequmtly,  2  represents  the  quantity  of  sul- 
phur in  15  grains  of  sulphuret  of  lead.  The  re- 
mainder of  the  weight  being  lead,  it  is  obvious 
that  sulphuret  of  lead  is  composed  6£ 

lead  18 

Sulphur  .  2 

15 


2  represents  the  weight  of  an  atom  of  sulphur, 

and  IS  is  obviously  the  atomic  weight  of  lead. 

2.  Besides  the  protoxide,  or  yellow  oxide  of 
lead,  there  are  two  other  oxides  of  this  metai  ^ 

namely,  the  red  cridc,  or  deutojude,  and  the 

conpoii-  ^^^"^^  oxide^  or  peroxide^ 

tion  of  red     The  beautiful  pigment  called  red  kadt  is  * 
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mixture  of  deutooude  and  protoxide  in  variable 
proportions*   In  some  very  beautiful  red  lead,  I 

have  found  the  proportion  of  protoxide  amount 
to  nearly  one-half  of  the  whole  weight   If  we 
digest  red  lead  in  acetic  acid,  we  dissolve  the 
protoxide,  and  leave  the  deutoxide  untouched ; 
it  has  a  dark  red  colour,  and  ia  destitute  of  the 
beauty  which  characterizes  red  lead.  Various 
experiments  have  been  made  to  determine  the 
additional  quantity  of  oxygen  necessary  to  coQf 
veit  the  protoxide  of  le;ul  into  deutoxide.  I 
made  a  set  ot  experiments  on  the  subject  about 
twenty  years  ago    but  as  I  was  not  aware  at  that 
time,  of  the  mixture  of  protoxide  present  in  the 
pigment,  I  did  not,  of  course,  attempt  to  separate 
it,  and  consequently  underrated  the  proportion  of 
oxygen  which  it  contained.    Even  BerzeUus, 
thoo^  aware  of  the  existence  of  the  protoxide  of 
lead  in  red  lead,  does  not  seem  to  have  succeeded 
ill  removing  the  whole  of  it.    But  the  proportion 
of  oxygen,  which  he  assigns  to  this  oxide,  though 
below  the  true  quantity,  affords  a  sufficient  ap- 
proximation to  enable  us  to  determine  the  com- 
position of  the  deutoxide  of  lead. 

9'83J  parts  of  deutoxide,  when  heated  to  red- 
ness, .  gave  out  0*^  parts  of  oxygen,  and  left 
9*545  parts  of  protoxide  of  leadt   According  to 

•  Nidiolson's  Jour.  VIII.  289. 
t  Afhuuffingsr,  III.  168»  or  Ann.  de  Clutau  LXXVIIL  14u  But 
ticn  ii  ft  tjpogniphkil  error  In  ibe  FnaA  ttwwirthin. 
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this  experiment  deutoxide  of  lead  is  oompoied 


Pvotoiideof Ind  9*545   or  l% 
Osfgm        .      0*2^    «  0*43 

The  following  experiment,  which  I  made  w  ith 


oThML  great  care,  will  show  that  the  true  compositioQ 
et  deutoxide  of  lead  is  14  protoxide  0*5  oxy^ 
gen.  29  grains  of  deutoxide  of  lead  were  di- 
gested ia  dilute,  but  pure  nitric  acid»  till  all  ao* 
tton  wftsat  an  end  $  ^e  whole  was  then  thrown 
on  a  double  filter,  and  the  peroxide  of  lead 
remaining  undissolved  was  well  washed  and 
thoroughly  dried  in  a  temperature  of  nearly  5(Xf 
— ^it  weighed  15  grains.  Hence  it  follows,  that 
the  protoxide  dissolved  by  the  acid  weighed  14 
grains.  Thus,  29  grains  of  deutoxide  of  lead 
were  resolved  into 


But  it  will  be  shown  immediately  that  15  repre- 
sents the  atomic  weight  of  peroxide,  and  that  it 
is  a  compound  of  1  atom  lead  and  0  atoms  oxy* 
gen.  Protoxide  of  lead  is  a  compound  of  1  atom 
lead  and  1  atom  oxygen  :  hence  it  foUow^  that 
d9  deutoxide  of  lead  are  composed  of 

8  atoms  lead    a  26  or  1  atom  lead  IS 
S  aiomt  osg«n  »  3    -  ]|  atom  oiygen  1*5 


of 


Protoxide  of  lead 
Peroxide  of  lead 


14 
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Deiitoziile  of  Ited  doss  not  seem  ctfahlt  of 

entering  into  any  chemical  combination  j— it  is, 
tlierefore^  in  tlie  present  state  of  oiu:  knowledge, 
compaiattTeiy  itisignificaat  as  a  dienucal  8ub» 

stance, 

d»  The  peroxide  of  lead  is  a  flea  brown  ^^^^^ 

-  ,  peroxide  of 

ecMoiircMl  powder,  which  was  discovered  byi«a 
Scheele.    It  may  be  obtained  by  digesting  ni** 
trie  add  on  red  lead.   A  portion  of  the  deutox- 

ide  is  reduced  to  the  state  of  protoxide,  and  dis^* 
solves  in  the  acid,  while  the  oxygen  given  off  by 
it  miiting  to  another  portion  converts  it  into 
peroxide.  If  the  deutoxide  be  pure,  it  is  ev  ident 
horn  the  experiment  stated  above,  that  just  one 
half  of  the  lead  is  disscdved  and  the  other*  half 
converted  into  peroxide. 

I  found  long  ago,  that  100  grains  of  this  ox- 
ide, when  exposed  to  a  red  heat,  lef  t  f)l  grains 
of  protoxide.*  Now,  if  the  9  grains  oi  loss  be 
considered  as  oxygen,  it  will  follow  from  this  ex- 
periment, that  peroxide  of  lead  is  composed  oi 
100  lead  +  18*84^  oxygen,  or  of  lead  IS  +  oxygen 
2*884.  But  when  I  made  these  experiments  I 
^as  not  aware  tiiat  metallic  oxides  are  apt  to  re- 
tain water :  the  peroxide  which  I  employed  had 
been  merely  dried  in  the  open  air,  and  conse- 
quently, wa$  not  quite  anhydrous.  The  loss  of 
weight  was  pardy  water  and  partly  oxygen  ^ 


« l«Mlwl«0ii*i  Jmm^  VIII.  SSa 
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consequently^  ray  estimate  of  the  quantity  of 

oxygen  in  this  oxide  was  too  high. 

Berzeliufl  dried  the  peioxide  of  lead  in  a  teasp 
perature  at  whicb  tin  melted.    He  found,  timt 

5  parts  of  the  oxide  thus  diied,  lost,  when  ex- 
posed to  a  red  beat»  0*3^  parts  ;--tbe  residue* 
which  weighed  4*67«5  parts,  being  digested  in 
acetic  acid,  left  0*13  parts  of  suipijiate  oi  lead 
and  silica.*  It  tbUows  from  this  expenmen^ 
that  pex  o^ide  of  lead  is  composed  oi 

Protoxide  of  lead     4*545   or  14 
Oxygen         .       0335    -  0*973 

4-87 

Ko  doubt  tlie  true  composition  is 

Protoxide  of  lead  .  14 
Oxygen    •       .      •       «  I 

15 

The  atomic  weight  is  15,  and  the  oxide  is  a 
compound  of  1  atom  lead  =  13,  and  9  atoms 

Thus,  the  constituents  ol'  the  three  oxides  of 
lead  are  as  follows  t 

■ 

MAO.  orrccx.  atohic  wuoar 

Pfotoxi^e    1  atom  +  1  atom  J4 
DMnzide  1        "4- 1|     .  .    '  1^5 

•  P«mkb.   1     .  +  8  15 

•  Afhandlingar,  III,  170.,  or  Aim.  4e  Cfaini.  LXXVITr,  IS.  Tkt 
Wnmk  >niiiilniiiii »  v^mMtffklU,  b— e  a  wmttmit  b  ha  <at. 
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i.  When  thin  plates  of  pure  lead  are  intro-  ^ 
duGed  into  dry  chlorine  gas,  the  gas  is  gradually 

absorbed  and  the  lead  converted  into  a  white 
matter,  which  is  a  chloride  of  lead.  This  chlo- 
Twte  is  easily  obtained  by  mixing  together  solu- 
tions of  nitrate  of  lead  and  of  common  salt : 
soiaU  brilliaDt  crystals  precipitate,  which,  when 
heated  in  a  close  vessel,  melt  and  assume  the 
form  of  a  greyish  matter,  formerly  distinguished 
by  the  name  of  pltmbwn  comeum.  I  find,  by  a 
careful  experiment,  that  1^  grains  of  lead,  wliea 
converted  into  chloride,  weigh  17'^  grains. 
Hence,  it  is  obvious  thai  this  chloride  is  com* 
posed  of 

1  atom  lead        .       .  IS 
1  atom  chlorine  .      .  4*5 

17-5 

SECT.  III. 

OF  THE  ATOMIC  WEIGHT  OF  TIN» 

•TfW  is  a  metal  which  forms  two  dift'erent  oxides,  OxiJesof 
when  it  combines  with  oxygen.  The  proiamk 
flMiy  be  obtained  by  dissolving  tin  in  strong  mu- 
riatic acid  (taking  care  tu  exclude  ail  access  of 
atmoqiheric  air  to  the  inside  of  the  small  retort  in 
which  the  process  is  going  on).  When  the  muri- 
atic acid  is  saturated  with  the  tin,  the  liquid  must 

Voi.  I.  Cc 
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be  poured  at  once  into  a  glass  vessel  coutaiiuug 
as  much  caustic  potash  or  soda  as  will  satuiate 

the  whole  muriatic  acid  in  combination  with  the 
protoxide.  A  black  powder  falls,  which  is  pi  ot^ 
oxide  of  tin ;  it  may  be  separated  by  a  filter^  edui^ 
corated  and  dried.  When  in  coiubination  with 
acids»  this  oxide  has  a  great  tendency  to  combine 
with  more  oxygen,  and  to  be  converted  into 
peroxide  j  but  when  in  a  separate  state,  and 
dry,  I  have  kept  it  for  years  in  a  common  phial, 
without  observin<T  any  alteration  in  its  coloor. 

Tlie  peroxide  of  tin  has  a  yellowish  colour. 
It  may  be  obtained  by  digesting  tin  in  nitric 
acid,  and  gradually  raising  the  temperature  to 
redness.  The  acid  is  decomposed  and  driven 
off,  while  the  peroxide  of  tin  remains  behind  in 
a  state  of  puiity. 

Both  of  these  oxides  form  salts  with  muriatic 
abfd ;  but  my  attempts  to  determine  the  atomic 
weight  of  tin,  by  a  rigid  analysis  of  these  salts, 
did  not  succeed.  The  following  experiment, 
however,  which  I  have  several  liiius  repeated, 
gives  the  composition  of  peroxide  of  tin,  trom 
which  it  is  ^easy  to  deduce  the  atomic  weight  of 
this  metal. 

grains  of  pure  tin  were  put  .into  a  plali- 
nuro  crucible,  and  disserved  in  a  sofiicient  quiHi« 

tity  of  very  dilute  nitric  acid.  The  solution  was 
slowlf  evaporated  to  drjmess,  and  the  crucible 
gradually  raised  to  a  red  heat.    The  peroxide  of 
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tin  formed  in  thi&  way  weighed  9*^  grains; 
iieoce  it  is  evidently  a  compound  of 

Tin         .  7-«5 
Qxygen    .  8 

But  ^  denotes  '2  atoms  of  oxygen  ;  coQsequent- 
ly»  7*9^  iQil8i>b(S  tlie  weight  of  an  atom  of  tin« 

Peroxide  of  tin  obvioLisly  weighs  and  m  a 

compound  of  1  atom  ot  tin  and  ^  atoms  of  oxy* 

The  exi)erimeiits  of  Berzciius*  leave  no 
doujbt  that  the  prptoa^id^  of  tin  contains  just  ^j^f 
the  oxygen  in  the  peroxide.  Jt> thereforot  a 
compound  of  1  atom  tin  and  I  atom  oxygen* 
aad  its  ajtomic  w.ejiglit  is  8*^. 

S*  Tin  comjw^  with  two  proportions  ^  chlo*  cuoridM 
rinest  as  well  as  of  oxygen,  and  ibrms  two  chlp- 
lides.  The  protocMonde  is  most  em^ily  formed 
pure,  by  amalgamating  together  tin  and  mef* 
cury,  mixing  the  a^ialgam  with  a  sufficient  quan- 
tity of  ccdpttkelj  and  exposing  it  in  aglf^  tube 
to  a  heat  at  first  low»  but  gradually  raised  high 
enough  to  expel  all  the  mercury  and  caio- 
maL,        .grains  itf .  tin  treatied  in  tbis  Jeft 

11*75  grains  of  protochluride.    Ueuce  this  chlo- 
ride, is  obviously  composed  of 

*  Nkliolt(»*ft  Journal,  XXXV. 
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1  atom  tin       .       .       7*25  * 
1  atom  cblorioe    ,   .  4*6 

11-75 

This  chloride  is  a  grey  matter^  having  a  resinous 

lustre  and  fracture.  When  put  into  chlorine 
gas,  it  catches  fire»  and  is  converted  into  per- 
chloride. 

Fmnii^^    4.  The  perchloride  of  tin  has  been  long  known 
Mm.     under  the  name  oijuming  liquor  of  Libavius.  It 
may  be  obtained  by  mixing  together  amalgam  of 
tin  and  corrosive  sublimate,  and  disliliing  with  a 
very  moderate  heat.   A  colourless  liquid  comes 
over  at  first,  consisting  chiefly  of  water ;  then  the 
fuming  liquor  rushes  all  at  once  witli  such  rapi- 
dity,.  that  I  have  more  than  once  lost  the  whole 
product  of  the  distillation.   Dr.  John  Davy  found 
that  this  perchloride  may  be  obtamed  likewise  by 
mixing  together  concentrated  permuriate  of  tin 
and  sulphuric  acid,  and  distilling  with  a  gentle 
heat 

This  perchloride  gives  out  very  copious 'and 
dense  fumes  when  exposed  to  the  air,  in  conse- 
quence of  its  great  avidity  for  moisture.  Adet 
found,  that  when  three  parts  of  it  are  mixed  with 
one  part  of  watery  the  whole  condenses  into  a 
solid  state.  I  see  no  reason  to  doubt  that  this 
perchloride,  when  in  a  state  of  purity,  is  a  com- 
pound of  1  atom  tin  and  2  atoms  chlorine;  and 
that  its  atomic,  weight  is  16*25  {—but  I  have  not 
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been  able  to  verify  this  opinion  by  direct  analy- 
st&   I  made  three  experiments  upon  Aiming  li* 

quor  of  Libavius,  prepared  \'erv  carefully  in  my 
laboratory.  The  quantity  of  ciilorine  found .  lu 
each  did  not  exactly  carreapond  i  but  the  mean 

of  all  tlic  three  gave  for  tlie  constituents  of  the 
chlonde 

I  atom  tin  •  7*25 

8^  atoms  cMonne  9*112 

The  analysis  of  this  compound  by  Dr.  John 
Davy*  gave  very  nearly  the  same  result  or, 
rather,  he  found  a  somewhat  greater  proportion 

of  chlorine,  \  iz.  IM  S  |)arts  united  to  ^'25  of  tin. 
It  would  seem  trom  these  analyses,  that  fuming 
liquor  of*  Libavius,  when  prepared  by  means  of 
amalgam  of  tin  and  corrosive  sublimate,  is  apt  to 
contain  an  excess  of  chlorina 

I  find  that  permuriate  of  tin  in  crystals  is 
composed  of 

1  atom  peroxide  of  tin        .  9*25 

2  atoms  muriatic  acid  9*25 

.  Satomiwatev  S*9fS 


21  b7a 

When  this  salt  is  mixed  with  sulphuric  acid,  and 

•  PfaiL  Tnm.  181%  p.  177. 
Cg3 
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distilled  by  a  gentle  heat,  the  perchloride  ob- 
tained would  probably  be  neiitnd  ^  but  I  have 

not  tried  to  prepare  it  in  this  way. 
Sr't£^^    5.  The  sulphurets  ot  tin,  which  are  two  in 
number,  likewise  fiunish  decisive  evidence  of 
the  atomic  weight  of  tin. 

The  protosulphuret  of  tin  may  be  obtained  by 
melting  together  tin  and  sulphur  in  a  glass  tube, 
and  keeping  up  tlie  heat  till  the  excess  of  sul- 
phur is  sublimed*  When  7*^  grains  of  pure  tin 
are  thus  converted  into  sulphuret,  the  weight 
of  the  new  compound  is  9'^*  Uenqe  it  is  a 
compound  of 

1  atom  tin  7*25 
1  atom  f  u^hur        .  8 

9'25 

The  persulphuret  has  been  long  known  by  the 

name  of  Mosaic  gold.  It  is  under  the  form  of 
light  scales,  of  a  brownish  yellow  colour,  and 
great  beauty  and  Ughtness.  It  is  sdluble  in  ni- 
tro muriatic  acid,  and  likewise  iii  potash  ley. 
The  analysis  of  this  sulphuret  of  tin  by  Dr.  John 
Davy  is  soflfcient  to  prove  that  it  is  a  compound 
of  ' 

1  atom  tin  • 
%  atoms  sulphar 


4 
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fcnr  he  finind  the  ooastituents  by  analysA  to  be* 

Tin         •      ibO      or  7*«5 
*    Sulphur    .        56*25    -  4*078 

SECT,  IV. 

« 

OP  THE  ATOMIC  WEIGHT  OF  BISMUTH. 

In  order  to  determine  the  atomic  weight  of  bis- 
muth with  accuracy,  it  is  requisite  to  employ 
that  metal  in  a  state  of  })iirity.  The  bismuth  of 
commerce  is  usually  contaminated  with  iron,  and 
ahnost  always  contains  some  solphur.  To  obtain 
pure  bismuth,  I  dissolved  a  quantity  of  the  bis- 
muth of  commerce  in  nitric  acid.  The  crystals 
of  nitrate  of  bismuth  being  thrown  into  water, 
were  deconiposed,  and  a  white  powder,  consist- 
ing chiefly  hydrated  oxide  of  bismuth,  fell  to 
the  bottom.  This  hydrate  was  well  washed,  . 
dried  upon  the  hiter,  and  reduced  to  tlie  me- 
tallic state,  "by  heating  it  in  a  covered  crucible 
with  black  flux. 

L  Nine  grains  ok'  bismuth  purified  in  this  way,  ^tom  of 
were  put  into  a  platinum  crucible,  and  dissolved  bbnutfa. 
in  nitric  acid.    The  solution  was  evaporated  to 
dryness  by  a  gentle  heat,  which  was  afterwards 
gradually  raised  till  the  crucible  became  percep- 

•  m.  Trails.  181^  p.  199. 
Cc4 
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tibly  red  hot    By  this  mans,  the  acid  wae 

driven  oiii  leaviijg  behuid  it  the  bismuth  reduced 
to  the  state  of  an  oxide.  It  weighed  exactly  10 
grains,  and  consequently,  the  metal,  when  oxyw 
dized,  had  combined  with  one-ninth  of  its  weight 
of  oxygen.  Hence,  oxide  of  bismuth  ia  com- 
posed of 


But  1  being  the  w^ht  of  an  atom  of  oxygen, 

it  is  obvious  that  9  laust  be  the  atoauc  wei«^ht 
of  bismuth ;  and  the  atomic  weight  of  oxide  of' 
bismuth  is  10. 

This  metal  combines  with  only  1  atom  of  ox- 
ygen, and  forms  only  one  oxide.  ' 
of  2.  The  chloride  of  bismuth  may  be  formed 
by  mixing  together  bismuth  in  powder,  with 
conosive  sublimate  in  a  ^ass  tube,  and  exposing 
the  mixture  to  a  lioat,  at  first  low,  but  giaduaJly 
raised  to  the  boiling  pomt  ol' mercury,  or  a  little 
higher.  The  excess  of  corrosive  sublimate  and 
the  reduced  mercury,  are  gradually  volatilised, 
leaving  the  chloride  of  bismuth  in  a  state  of 
purity.  It  is  a  sdiid  substance,  having  a  grauu* 
Ur  texture,  a  greyish  white  colour,  and  a  silky 
lustre.  I  mixed  9  grains  of  pure  bismuth  in 
powder,  with  10  grains  of  coiioisivc  sublimate 
in  a  test  tube.  This  test  tube,  with  a  cork  Atted 


Bismuth 
Oxygen 


9 
1 


10 
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to  It,  was  left  far  three  or  four  days  ou  the  sand 
bftth ;  at  first  the  heat  applied  did  not  exceed 
that  of  boiling  water,  but  the  tube  was  brought 
graduaily  towards  the  hottest  part  of  the  sand 
bath,  till  the  tempemture  was  at  last  between 
fiOOP  and  700°.  Finally,  it  was  raised  high 
enough  to  drive  off  all  the  mercury  and  the  cor-» 
rosive  sublimate  which  had  escaped  decomposi- 
tion ;  the  weight  of  the  chlunde  of  bismutli  was 
within  i^th  of  a  grain  of  13*5  grains.  The  loss 
of  iVth  of  a  grain,  I  ascribe  to  the  volatilization 
of  a  small  portion  of  the  chloride,  which  it  is 
veiy  difficult  to  avoid.  If  we  compare  tins  ex- 
periment with  the  preceding,  it  will  be  obvious 
that  the  chloride  ot  bismuth  is  a  compound  of 

1  atom  chlorine  4-6 
1  atom  biflmuth  9 

^^^^^^^^^ 

3.  The  atomic  weight  of  bisnmth  deduced ^'^"^i 
from  the  oxydation  of  the  metal,  is  still  farther 
confirmed  by  the  sulphiiret  This  sulphuret 
occurs  native,  and  may  be  easily  formed  artifi- 
dalljr,  by  heating  together  bismuth  and  sulphur, 
and  keeping  up  the  heat  till  the  excess  of  the' 
sulphur  is  driven  oSL  Nine  grains  of  pure  bis- 
mutfa  converted  into  a  sulphuret  in  this  way,  m 
a  grecii  i^lass  tube,  became  eleven  grains  oi" 
sulphuret,  showing  that  the  sulphuret  is  a  com- 
pound of 
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1  atom  bismuth  9 
1  atom  suljphur  S 

11 

The  previous  aoal^aes  oi  sulpburet  of  bismuth 
by  Dr.  John  Davy  and  Mr.  Lagerhjelm  alflBMt 
coincide  with  this  experiment  of  mine.  Dr. 
John  Davy  *  found  it  a  compoMnd  of 

Bismuth        9  • 
Sulphur  £H)07 

M«  LagerbjeUn  obtained  t 

Bismuth  9 
Sulphur  S*0£6S 

Dr.  John  Davy's  experiment  was  conducted 
nearly  in  the  same  way  as  my  own :  be  em- 
ployed 100  grains  of  bismuth — I  presume  the 
bismuth  ot  commerce.  Now,  the  presence  of 
a  veiy  small  portion  of  iron  in  this  bismuth, 
would  account  for  the  slight  excess  oi  sulphur, 
which  scarcely  exceeds  one  third  per  cent.  La* 
gerhjelm's  analysis  is  not  quite  so  near  the  tmth 
as  Dr.  Davy's. 

4.  Vauquelin,  in  a  set  of  experiments,  pub- 
lished a  number  of  years  ago,  upon  the  qtiatitity 
ot  sulphur  with  which  the  metals  combine  when 
heated  or  fused  with  that  substance,  states  that 
be  found  sulphuret  of  bismuth  composed  oft 

•  FbO.  Trans.  1812.  p.  200.      f  Annals  of  riiilosophy,  IV.  357. 
I  Amu  dm  Mm.  d'Uut.  Nat.  XV.  9. 
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Bismuth        68^5     or  9 
Sulphur       51*76     -  4-186 

lOO'OO 

If  thb  sulphuret  of  Vauquelin  exist»  (for  I  have 
not  succeeded  in  my  attempts  to  form  it  artifi- 
cially,) it  is  evideutly  a  bisulphuret*  or  a  com- 
fomd  qf  two  atoms  sulphur  with  one  atom  of 

))isiDuth« 

SECT-  V. 

OF  THE  ATOMIC  WEIGHT  OF  COPPER. 

Copp£R  foi  tqs  two  oxides ;  tlie  red  oxide^  which  Oxides  of 
occurs  native^  and  does  not  seem  capable  of 
eombiniog  with  acids;  and  the  blacky  which 
comtitutes  the  basis  of  all  the  cupreous  salts. 
It  was  shown  long  ago  by  Chenevix,  and  his 

experiments  have  been  aa)])Iy  confirmed  by 
succeeding  researches,  tiiat  the  black  oxide  con- 
tains exactly  twice  as  much  oxygen  as  die  red ; 
and  I  shall  sho\v  immediately,  that  if  we  reckon 
the  weight  oi  an  atom  of  copper  to  be  4,  then  tlie 
composition  of  these  oxides  is  as  follows : 

!•  Bed  oxide  S  +  1  or  8  atoms  copper  +  1  atom  oijgeD« 
1  BladLoiide  4  +  1  or  1  atom  copper  +  1  atom  oxygen. 

I  ahaU  therefore  distinguish  the  black  oxide  by 


Digiiized  by  Google 


4fl^  zinc,  CADMIUM,  LEAD,  &c 

the  uame  of  ojride  of  copper  ;  while  to  the  red 
oxide  we  shall  apply  the  term  suboaidef  indicat- 
ing tiiat  it  is  a  compound  of  two  atoms  copper 
and  ODe  atom  oxygen.  Such  suboxides  in  gen- 
eral are  ini»pable  of  constituting  pmnanent  salts 
with  acids. 

As  the  black  oxide  of  copper  constitutes  the 

basis  of  all  the  cupreous  salts,  the  knowledge  of 
its  atomic  weight  is  of  most  importance  in  a 
chemical  point  of  view.   We  may  employ  the 
common  sulphate  of  copper,  as  a  good  instru- 
ment for  determining  the  atomic  wdght  of  this 
oxide;  because  being  manufactured  to  a  con- 
siderable  extent,  and  employed  both  in  medi- 
cine and  the  arts^  it  may  be  easily  procured  in  a 
state  of  purity.    It  has  a  fine  blue  colour,  an  ex- 
ceedingly disagreeable  cupreous  taste,  reddens 
vegetable  blues,  and  crystallizes  in  oblique  foor- 
sided  piisms,  the  faces  of  which  are  incUued  to 
each  other  at  angles  of  IM*"  and 
1.  When  a  solution  of  15*695  grains  of  these 
^2***'  cr}^stals  in  water,  is  mixed  with  a  solution  of 
18'25  grains  of  chloride  of  barium,  a  double  de- 
composition takes  place,  sulphate  of  barytas  pre- 
cipitates,  and  the  supernatant  liquid  is  neither 
aflkrted  by  sulphate  of  soda  nor  muriate  of  ba- 
rytes.    Hence,  it  follows,  that  15*()2d  grainsof 
'  this  salt  contain  just  5  grains  of  sulphuric  acid. 

9.  If  the  whole  oxide  of  copper  be  pi*ecipita- 
ted  iiom  15*025  grains  of  blue  vitriol,  and  col- 
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lected  without  loss,  it  will  weigh  exactly  five 
grains.   This  experiment  is  not  easily  made,  be- 
cause we  have  no  good  precipitant  of  oxide  of 
copper.   But  I  have  accomplished  it  in  various 
ways.  If  we  throw  down  the  oxide  of  copper  by 
caustic  potash,  we  obtain  very  nearly  five  grains^ 
though  I  have  never  got  the  exact  amount  in 
this  ^vay.    In  general,  the  oxide  of  copper  thus 
procured  weighs  about  4*9  or  4*9^  grains. 
When  the  copper  is  thrown  down  by  sulphuret- 
ted hydrogen,  or  by  iiydrosulphuret  oi  aannouia, 
the  precijHtate,  when  collected  without  loss,  aod 
sufficiently  dried,  weighs  8  grainy  and  whea  dis* 
solved  in  aqua  regia,  and  precipitated  by  muriate 
of  barytes,  the  sulphate  of  barytes  obtained 
weighs  29'5  grains,  indicating  10  grains  of  sul- 
phuric acid,  equivalent  to  4  grains  of  sulphur  ^ 
consequently,  the  copper  in  15*6£5  grains  of 
blue  vitriol  weighs  exactly  4  grains.*  This, 
coupled  witii  the  amount  of  the  precipitate  by 
Hieans  of  caustic  potash,  leaves  no  doubt  that 
the  true  weight  oi  the  oxide  of  copper  in  15'625 
grains.ofUue  vitriol  is  5  grains;  and  that  it  is 
a  compound  of 

*  If  we  iircdpitate  the  copper  fyan  iS-Q^  grains  of  gulptete  of  copper 
by  means  of  a  plate  of  sine,  taking  care  in  the  fint  place,  to  »rHiUiHn  the 
solution  of  the  salt  willi  a  little  sulphuric  acid,  to  prevent  tlic  copper  from 
adhering  to  the  zinc ;  the  precipitated  copper,  if  it  be  dried  without  aUovT' 
ing  Tt  to  absorb  ojcygen,  will  weigh  exactly  four  grains.    This  experiment 
i--  net  easily  iiiaile,  Ix^causc  tla-  copper  while  drying  has  a  tendency  to 
ntnorb  o\ygcn     But  it  is  ea^ty  in  this  way  to  obtain  a  very  near  iqiproxi- 
matitm. 

9 
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Copper     4    or    1  atom 

Oxygen    1*1  atom 

♦  « 

3.  Tbe  only  odicr  conBtitiieiit  of  Uue  vitriol 

beiug  water,  it  is  obvious  that  the  salt  is  a  cooi- 
pound  of 

1  atom  sulphuric  acid  5 
^  I  Mom  oxide  of  copper  5 
5  adonis  vater  5*61  j» 

DiMaiphftte    4.  There  exists  another  sulphate  of  copper, 
which  I  formed  by  the  following  process:  ^l*^ 
grains  of  blue  vitriol  were  dissolved  in  water  in 
a  retort,  and  the  solution  was  mixed  with  10 
graias  oi  peroxide  of  copper.   The  retort  was 
put  upon  the  sand  Jbath  in  sudi  a  position  that  it 
was  kept  boiling  several  hours  every  day,  taking 
care  to  add  fresh  water  in  proportioa  as  that 
Kquid  was  dissipated;  and  this  was  continued 
till  all  tlie  oxide  of  copper  had  totally  disap- 
peared.   This  happened  in  about  a  couple  of 
montfis }  at  tiie  same  time  the  ^liquid  lost  its  Uue 
colour,  while  a  green  coloured  powder  was 
posited.    The  liquid  being  tested  for  copper  by^ 
ammonia,  was  found  to  contain  none.    It  is  ob^ 
vious,  therefore,  that  tlie  green  powder  contained 
all  the  add  and  oxide  of  copper  in  31*^  grains 
of  blue  vitriol,  together  with  tlie  additional  10 
grains  ol  oxide  added.  The  gieen  powder,  there- 
fore^ was  a  compound  of 
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Sulphuric  acid  10  or  5 
Osjkde  oIl  copper     510    -  10 

This  powder  was  tasteless,  insoluble  in  water, 
and  produced  no  effect  on  vegetable  blues.  It 
was  obviously  a  compound  of  1  atom  acid,  and 
S  atoms  oxide,  or  it  was  a  disulphate  of  copper. 

5.  Sulphuret  of  copper  is  easily  formed  byi>isuiphu. 
heatini^  toi^ether  copper  filings  and  sulplui]-.  per. 
The  combiuatiou  takes  place  suddeuly  when  tlie 
mixture  has  reached  a  certain  temperature,  and 
the  sulphur  from  being  in  a  liquid  state  becomes 
suddenly  solidified.    Tius  explains  the  reason  of 
tbe  ignition  which  takes  place,  and  which  at- 
tracted so  much  of  the  attention  oi  the  Dutcli 
chcRiistSk   The  first  person  who  attempted  to 
determine  the  cemposition  of  this  sulphuret  wHh 
the  requisite  precision  was  Berzeiius.  Heibund 
that  10  parts  of  copper,  when  converted  into  sul« 
phuret,  became  1^2'5C)  parts.*    Now,  10  :  2*56  : : 
8 :  ^*(H8  ;  so  that  according  to  this  experiment, 
sulphuret  of  copper  is  composed  of 

Copper  8 

Sulphur  2-048 

The  copper  of  commerce,  which  Berzehus  pro- 
bably employed  in  his  experuuent,  is  not  quite 
pure.  I  believe  it  is  often  contaminated  with  some 

proioxide  oi  copper,  and  always  with  some  other 

16 
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metals.  I  prepared  some  very  pure  copper  oo 
puqK)8e»  and  found  that  8  grains  of  it,  when  con- 
verted into  sulphuret  in  a  green  glass  tube,  be* 
came  exactly  10  grains.  Hence,  it  follows  that 
this  sulphuret  is  a  compound  of 

Copper  8 
Sulphur  2 

10 

^  is  an  atom  of  sulphur  and  S  is  two  atoms 
copper.   So  that  this  compound  is  a  disulphuret 

of  copper. 

Sulphuret      Bcsides  thcse  two  sulphurets  of  copper,  » 

Ob  copper*  a  A 

third  seems  to  exist  in  combination  with  fto^ 

sulphuret  of  iron  ;  for  M.  Henry  Rose  found 
copper  pyrites  to  be  a  compound  of 

Copper  S4*4 
Iron  30-47 

Sulphur  .'L"r87 


100-74 


101-01* 

The  excess  of  1  per  cent,  was  probably  in  the 
sulphur.  But  let  us  suppose  the  result  to  be 
exact,  the  above  numbers  are  equiralent  to 

♦  Ann.  (ic  eiuin.  ct  dc  Phys.  XXV.  197. 
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Copper  4*000  or  1  atom 
Iron  ^543  *  1  atom 
Salphnr   4*170    •  Saftomt 

It  is  obviouSy  tliat  copper  pyrites  is  a  compound 
of 

1  atom  stilphuret  of  copper  6 

1  atom  sulphuret  of  iron  5*5 


Thus,  there  are  three  eulpkurefcs  of  copper ; 
namely, 

com*.  Mgnniit 

1.  Di4ulpRiir«t  cmpotad  olT  4   atoms  -4-   1  atom. 

2.  Snljpharef  1  Mtmi  -I-  I  amk 
H  BinkilHlrot  1   tern    'jr   9'  atqnis. 


6.  If  100  graiii.s  uf  peroxide  of  copper  be^g^jj^ 
dissolred  in  muriatic  acid,  and  80  giains  of  cop- 
per filings  be  added  to  the  solution,  and  the 
whole  agitated  in  a  well  stopped  phial  nearly 
filled  by  the  mixture,  the  copper  filings  are  in* 
stantiy  dissolved  without  the  evolution  of  any 
gas,  and  the  liquid,  which  has  become  black  and 
opaque,  is  fouiul  to  contain  a  solution  of  sub^ 
oxide  of  copper  in  muriatic  acid.  iThis  experi* 
ment,  for  which  we  are  iijkd^Ued  to  Mr. 
Chenevix,  but  which  1  have  dbiiqtieiiftl^  repeated, 
demonstrates  the  composition  of  buboxidc  of 
copper:  for  100  grains  of  oxide  of  copper  are 
composed  of 

Vm.  I.  Dd 
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Copper  80 
Oxygen  20 

iOO 

So  that  by  the  addition  of  80  grains,  the  copper 
in  the  liquid  is  exactly  doubled,  while  tiie  oxy- 
'  gen  with  which  it  is  combined  jrenqaans  the  same 

as  at  firsL  Hence,  suboxide  of  copper  is  ob- 
viously composed  of 

* 

'   Copper     l60  or   16  or  S 
Oxygen     £0    -  8-1 

It  is  a  compound  of  £  atoms  copper  aod  X  atom 
oxygen^  and  its  atomic  weight  is  9*  ' 
^    7*  Chlorine  and  copper  combine  in  two  pio- 
portioQSy  and  form  two  chlorides  analogpus  in 
their  compontion  to  the  two  oxides  of  copper. 

The  perchloride  is  easily  obtained  by  dis- 
solving peroiude  of  copper  in  nuuiatic  add, 
and  concentrating  the  green  coloured  solution. 
Permuriate  of  copper  is  formed,  and  m^y  be  ob- 
tained in  long  four-sided  rectangular  prisms  with 
square  bases.  This  salt  I  find,  by  a  careful  amh 
lysis,  is  composed  of 

1  atom  muriatic  acid  4*626 
1  atom  oodde  of  copper  5 

A  a 

ft  stoma  Witer  S*25 

11 -875 

9 
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When  11*875  grains  of  thin  salt  are  exposed  to 

a  temperature  of  betweeu  iOO  and  500°,  or  in- 
deed to  a  lower  temperature,  there  is  a  diminup 
tion  of  weight  amounting  to  exactly  S*375  grains, 
the  green  colour  disappears,  and  an  orange 
brown  matter  remains,  weighing  exactly  8*5 
grains.  Now,  the  3*375  grains  of  matter  driven 
oti  consist  of  pure  water,  as  may  be  ascertained 
by  performing  the  experiment  in  a  retort,  to 

whieli  u  receiver  is  luted.  The  water  will  come 
over  into  the  receiver  quite  pure,  unless  too 
much  beat  has  been  applied.  In  that  case  some 
chlorine  is  apt  to  piiss  off,  owing  I  presume  to 
the  agency  of  the  common  air  in  the  retort.  * 

8*375  grains  of  water  is  the  ecpiivalent  fin*  S 
atoms  of  that  liquid  y  yet  the  salt  contained  only 
d  atoms.  The  other  atom  of  water  was  finmed 
by  die  union  of  the  atom  of  oxygen  in  the  oxide 
widi  the  atom  of  hydrogen  in  the  muriatic  acid. 
•  Thus  the  salt  is  changed  into  chloride  of  copper, 
which,  as  is  obvious  from  the  facts  just  stated,  is 
a  compound  of 

r 

^  ! ;  •  •  1  slnni  ccfyptr  4 

1  atom  chlorliM  4-5 

8-5 


8.  The  subchloride  of  copper  was  noticed  by 
Boyle ;  and  it  has  been  minutely  described  by  iw.  ^ 

Prout,  Cheiievix,  and  Dr.  John  Davy.    I  have 
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not  made  uny  attempts  to  analyze  it,  becaase  the 
previous  aiialysis  of  Dr.  Davy  is  pertiectly  accu- 
Tate.   He  found  it  cottiposed  of 

2  atoins  copper        .  8 
1  atom  chlorine       .  4*5 

The  constituents  of  the  chlorides  and  sulphuret 
of  copper*  compared  with  those  of  the  oxides, 
leave  no  nx>m  for  doubt  that  the  true  atomic 

weight  of  this  metal  is  4-.* 

*  It  is  hardly  necessary  to  remark,  that  the  atom  of  copper  might  he 
repivscntitJ  by  8,  as  well  aa  by  4>.  la  that  CMe,  red  oxide  of  copper 
would  be  composed  of 

1  atom  copper  ss  8 
1  atom  oxygen    s  I 

9 

Mid  black  oxtdc  of 

1  atom  copper  s=  8 
S  itoiPt  oxygea   set  2 

10 

Hie  ddoridn  wodd  N : 

latomdiloriiie  s  4h5 

1S^6 

pkfddoride  1  atom  cop|^     «a  8 

2  itoiiia  capper    s  9 

17 
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It  has  been  ascertainedi  by  uoe^cepUouable  ev 
periments,  that  iner0ury  combiMS  witli  twp 

doses  uf  oxygen,  and  forms  two  oxidea.    Thp  Oxitles  of 
protoxide  is  black,  aud  the  pecojaUe  r^d*  "b«>«»7 
volatility  of  mercury  and  its  compouodJl  Jfmmts 


ttdtliftiialphiM»i 


protosulphitret  of 


1  atom  coijper 
1  atom  sulphur 


H 
10 


bi&ulphuret  of 


1  atom  copper 
8  atom*  Millihur 


H 
4 


12 


pennliilitiRt  «if 


1  attmi  copfW 

Ailwfuipfciir 


a 

8 


llua  w»  Ibe  idea  I  originaUy  formed  of  tlWM  CMnp^unds,  and  it  i>ectns  to 
be  tJic  one  gBncnlly  adopted  by  cbcini<;ts.  It  was  the  consideration  ot  the 
»dts  of  coppv  liMi  inddoed  IM  to  adopt  4  for  the  atomic  weiglit  of  copper ; 
UihUm  ffvprcscnt  the  alqa  fH flopiMr  1^  %  cU  the  salts  of  copper,  wiU)out 
tu^n,  wiU  be  binlts*  or  will  eontwi  8  atoms  of  nc'ui,  uniied  to  1 
^mctmidt.  It  was  an  object  of  some  importance  to  get  rid  of  this 
•BCOmIj,  wUdi  involved  the  salta  of  copper  in  a  good  of  amiuM^m. 
TUs  WW  accomplished  by  adopting  1  for  tlie  atomic  weight  of  copper,  as 
bd  Inoi  ilraidy  dom  by  Pt»  Woiiastoti  u^d  Frout 
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a  formidable  obstacle  to  the  rigid  deternunation 
of  their  atomic  weightsk 
Deter.       1.  Fourcfoy,  long  ago,  stated^  that  the  pro- 
jppwooy,  toxide  of  mercury  is  a  compound  of  100  metal 
and  4  oxygen  $  but»  from  the  loose  way  in  which 
this  chemist  was  accustomed  to  express  himself, 
we  can  consider  tiiis  deteruiination  in  no  oth^ 
light  but  that  of  a  fortunate  ooigecture.  Mr. 
ikmann,  Donovan,  fh>m  a  number  of  experiments  on  both 
oxides,  has  concluded  that  protoxide  of  mercury 
is  composed  of 

Mercury  100        or  S4-S71 

Oxygen       .  -  1* 

And  peroxide  of 

Mercoiy  100        or  25*575 

Oiygen  7*88      -  8 

Tlie  atonnc  weight  of  mercury,  deduced  from 
these  two  oxides,  not  being  exactly  the  same,  it 
is  obvious  that  the  experiments  from  which  the 
constitution  of  these  oxides  has  been  deduced, 
are  not  quite  exact  Tlie  mean  of  both  gives  us 
g4'923  for  the  atoinic  weight,  which  diflbraless 
than  siuth  from  2«!>,  tlie  atomic  weight  of  mer- 
cuiyi  deduced  from  the  composition  of  protoxide 
of  mercury,  as  stated  by  Fourcroy. 
22^^'      M.  Sefstrom  made  a  set  of  experiments  ui  jBer- 

«  Annalt  omnoMvliy,  XIV.  Mb 
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adhis*  labomtoiy  on  the  composttion  of  the 

oxides  of  mercury,  with  the  results  of  which 
only  1  am  acquainted.*   He  found  the  ooostitu- 

ents  of  protoxide  of  mercury 

Mercury        .       100        or  25'0()3 
Oxygen        .         3.99     -  1 

and  those  of  red  oxide 

Mercnry  100       or  25*031 

Oxygen       .         7*99     •  2 

It'  we  take  the  mean  of  tliese  two  analyses,  which 
do  not  exactly  agree  with  each  other>  though 
they  come  much  nearer  than  those  of  Donovan, 
we  obtain  25*04/7  for  the  atomic  weight  of  mer<- 
cwy,  which  exceeds  ^5  by  less  than  jhsth.  part 

Now,  as  the  atomic  weight  of  mercury,  as  de- 
duced from  Donovan's  experiments,  is  only  a 
very  little  less  than  25,  while  the  same  weight, 
deduced  from  the  experiments  of  Se&trom^  ia  a 
utry  Uttle  more  than  25,  the  in&repce  from 
tliese  experiments  seems  to  be,  that  an  atom  of 
otesoury .  weighs  exactly  25. 
"  riSi  The  experiments  of  Donovan  and  SeAtoosn 
leave  no  doubt  that  the  oxygen  in  the  perpxide 
of.  meicaiy  is  just  double  that  in  the  pi^tqpqde. 
It  is,  therefore,  composed  of  1  atom  mercury 
aad.  2  atoms  oxygen   and  its  atomic  weight  is 


•  Aaoib  of  Philoiophy,  III.  35& 


if  we  rt^koo  the  atomic  weight  oC  mercury 
ld5.   The  truth  of  this  ia  sufficiently  e8tabli9hed 

the  foUowiUi;  cxpv  1  iniont. 

Expni^  grains  of  pure  peroxide  oi  merciuyt  pre- 

thftamiMr.  pared  on  purpose  for  the  experimmt,  were  put 

into  an  eight-ounce  phial,  and  as  much  muriatic 
acid  poured  upon  it  as  dissolved  it  completely. 
Tlie  phial  was  then  placed  upon  the  sand  bath 
(having  a  charcoal  stopper  fitted  into  its  mouth^^ 
and  left  till  the  liquid  was  evaporated  to  dryness. 
The  phial  was  then  covered  about  two-thirds  up 
witii  sand,  and  the  temperature  was  gradually 
raised  sufficiently  high  to  sublime  die  corrosive 
sublimate^  into  which  the  red  oxide  had  been 
converted,  as  higli  as  tlie  middle  of  tlie  piiiaL 
The  phial,  after  being  allowed  to  cool  gradually, 
was  weighed,  and  the  weight  of  the  corrosive 
sublimate  was  exactly  34f  grains. 

From  thi^  experiment  It  appears,  that  S7  p^^' 
oxide  of  mercury  form  exactly  34  conobive  sub- 
limate. 

To  understand  this  experiment  it  is  necesdarj^' 

to  know,  that  mercury  combines  with  two  pro- 
portions of  chlorine,  and  forms  two  chloride^ 
The  protochloride,  usually  denominated  calomel^ 
is  a  compound  of  1  atom  mercury  and  1  atom 
chlorine ;  while  tlie  perchloride,  ixt  corrome  sub- 
Smate^  is  a  compound  of  I  atom  mercury  and  ft 
atoms  chlorine. 

Witli  the  knowledge  of  these  facts,  we  may 
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now  analyze  the  convenion  of  87  graiQi  of  per- 
oxide of  mercmy  into  34  giains  of  oorrah^  sub* 

limate. 

^aj  peroxide  afe  composed  of  ^ 

Mercury  %S 

Oxygen         .  S 

27 

When  muriatic  acid  is  poured  upon  the  ^  per- 
oxide, two  atoms  of  the  acid,  equivalent  to  9*25 
grains^  unite  with  the  oxide»  forming  a  com- 
pound,  which  will  amount  to  36*25  grains,  and 

be  a  compound  of 

9  atoqia  matislio  md  9*S6 


Wl)^n  tbf  splu^o  i$  evaporated  t9  dryne^s^  the 
add  and  peroxide  mutually  4Ct  upon  each  other : 
the  oxygen  of  the  oxide  combines  witii  tiie  Ixy- 
d^og^D  of  the  acid^  constituting  9  atoms  of  wa- 
ter, which  are  expelled  by  tlie  heat ;  while  the 
2^U)tQ«  of  chlorine  combine  with  the  I  atom  of 
mercury,  and  fi>rm  a  perchloride.  Thus  by  the 
heat,  the  36*25  of  permuriate  of  mcrcuiy  re- 
solved into 

Hydrogen    o  w  j  ««*""'^« 

s-ss 


4M6  zinc,  cadmidm,  lead,  &c 


Aiom  of 
mc-rcuiy. 


Atom  of 


Metetuy  •  25 
Cbloriiie,  9 


^  constituting  an  atom  perclUoride. 


84 

It  is  dear,  therefore,  that  917  peroxide  of  mer- 
cury could  not  become  34:  corrosive  sublimate, 
unless  the  atomic  weight  of  mercury  were 
and  unless  peroxide  of  mercury  were  composed 
of  1  atom  mercury  and  "2  atoms  oxygen. 
3.  The  analysis  of  calomel  by  Chenevix  is  so 

conclusive,  that  1  did  not  consider  it  at  first  as 
worth  while  to  make  any  researches  on  the  si4^ 
ject  But  it  may  be  satis&ctory  to  mention  tbe 
following  experiment,  which  was  made  with  an- 
other object  in  view«  A  quantity  of  crystallised 
protonitrate  of  mercury,  which  I  knew  to  contain 
precisely  25  grains  of  mercury,  was  dissolved  in 
water,  and  the  solution  mixed  with  a  solution  of 
7%5  grains  of  decrepitated  common  salt : — calo- 
mel precipitated,  which,  when  collected  on  a 
double  filter,  washed  and  dried,  weighed  ^5 
grains  ^  and  the  residual  liquid  being  examined 
for  mercury  and  muriatic  acid,  no  traces  of  either 
could  be  detected.  From  this  experiment  it  is 
obvious,  that  calomel  is  a  compound  ot 

1  atom  mercury        .  26 
I  atom  chlorine        •  4^ 


4*  A  careful  analysis  of  cinnabar  gavis  m- 
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deiic^  equally  satUiactoiyi  that  the  atomle  weight 

of  mercury  is  25.  It  will  be  proper  to  premise, 
in  the  ikst  place,  that  the  cinnabar  which  I  em- 
ployed  was  not  quite  free  from  traces  of  silica 
and  peroxide  of  iron :  but  I  made  allowance  for 
these  bodies,  and  have  left  them  out  of  the  re- 
sdts- to  avoid  complicated  statements  as  much  as 
possible. 

Nitric  acid  has  not  the  property  of  decompoB- 

iog  cinnabar,  but  nitromuriatic  acid  dissolves  it 
with  rapidity,  when  assisted  by  heat.  29  grains 
of  cinnabar  in  powder  were  put  into  a  retort, 
along  with  a  sufficient  quantity  of  nitromuriatic 
acid :  the  retort  being  placed  on  the  sand  bath, 
a  pretty  strong  eflfervescence  b^an,  and  the  cin- 
nabar disappeared  in  a  few  nnnutes,  with  the  ex- 
ception of  a  yellow  matter,  which  was  separated 
This  yellow  matter  was  soft  and,  ductile.  When 
first  collected,  it  weighed  ^*4i>  grains ;  but  bdng 
left  a  few  days  exposed  to  the  an*  it  became  hard 
and  brittle,  and  the  wi  ii^ht  was  reduced  to  3*2 
grains*  It  was  pure  sulphur,  burning  all  away 
with  a  blue  flame  wttliout  leaving  any  resi- 
due. 

The  nitromuriatic  solution  was  supersaturated 
with  carbonate  of  soda  without  the  appearance 

of  any  precipitate.  It  was,  thereiore,  evaporated 
Dearly  to  dryness,  redissolved  in  water,  and  mixed 
with  a  solution  of  caustic  soda:  the  mercury 
precipitated  in  the  state  of  brownish  red  flocks. 


d^£8  ZINC,  CADMIUM,  LEAD,  &c. 

mid  being  cmeiUUy  coiiected  add  weighed, 
amounted  to  9rj  grains  very  neariy. 

The  liquid,  thus  freed  frmi  mercury,  was  neu- 
tralized by  nitric  acid,  and  beipg  mixed  with  ni- 
trate of  barytea,  a  precipitate  of  sulphate  of 

buiyleii  i'cll,  whicli,  Litter  being  wasliud,  dj'ied, 
and  heated  to  redness,  weigiied  6  grains,  equiva- 
lent to  0*81  grains  of  sulphur.  Thus,  we  have 
obtained  Irom  ^9  gcaips  oi  cujuaJjar 

Peraside  of  merpoiy  87 
Sulphur  «  4*01 

3101 

•   This  exceeds  the  quantity  analyzed  by  £  grains. 
The  (eason  is,  that  in  the  cinnabar  the  niercary 

is  in  tlie  metallic  state,  while  in  the  analysis  it 
was  obtained  in  the  state  of  peroxide :  but  S7 

peroxide  are  equivalent  tp  S5  in  the  metallic 
«tate*   Uence,  cinnabar  is  a  compound  of 

Mercury  •  85 

Sulphur         *       •  4-01 

29-01 

The  0-0^  grain  of  excess  is,  donbtlesst  owing  U» 
an  error  in  the  analjrsis ;  which,  with  all  my  c^re, 
I  was  not  able  to  avoid*  £ut  I  consider  the 
analysis  as  proving  that  cinnabar  is  a  compound 
of 
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1  alMn  mflPdury 

2  uUiiUii  sulphur  .  4> 

29 

silowiiig  that  ^  is  the  atomic  weight  of  mer- 

The  experiments  related  ia  tliis  section,  con- 
ititute  the  bdst  of  a  yery  great  number  which  X 
bve  made  upon  this  difficult  metal.  They  leave  Atonic 
00  doubt  on  my  mind  that  the  atomic  weights  of 
tterctury  teid  ite  ooni|^anda  are  as  follows  i 

ATHac  WUDR. 


Protoxide 

26 

I 

+  1  atom 

• 

Peroxide 

a? 

I  atom 

+  2 

Protod^oride 

1 

+ 1 

Perchloride 

34 

1 

+  « 

PniMide 

40«5  . 

I 

+ 1 

Peri(4ide 

S6  . 

1 

+  « 

At  the  same  time,  it  is  proper  to  state,  that  I 

have  made  no  attempts  to  analyze  the  iodides  oC 
this  metal. 


SECT.  VII. 

OF  THE  ATOMIC  WEIGHT  OF  SILVER. 

I  HAVE  akeady  stated  an  experiment  in  page  10^ 
of  this  work,  from  which  the  atomic  weight  of 

16 
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silver  may  be  deduced.  It  iphs  there  meDtioiied, 

^that  when  solutions  of  21 '5  trrains  of  nitrate  of 
silver  and  7*^  grains  of  decrefiitated  common 
salt  are  mixed  together,  a  curdy  precipitate  ftlb, 
and  the  residual  li(juid  is  neither  affected  by  ni- 
trate of  silver  nor  common  $alt»  It  is  evident 
from  this  experiment,  that  the-  nlwr  in  ^1*5 
grains  of  nitrate  of  silver,  and  the  chlorine  in  7*^ 
grains  of  chloride  of  sodium,  just  saturate  each 
other. 

Now,  7'5  grains  oi  chloride  of  sodium  con- 
tain  exactly  4*5  grains  of  chlorine.  And,  if 
21*5  gi-ains  of  nitrate  of  silver  be  cautioiisiy 
heated  to  redness,  the  salt  will  be  decomposed, 
the  add  driven  ofl^  and  the  oxide  reduced  ^  the 
weiglit  oi  silver  remaining  will  be  exactly  (or  at 
least  very  nearly)  137^  grains.  It  is  obvious 
from  this,  that  die  chloride  of  silver,  formed  by 
the  mutual  decoiiipositiuii  of  21*5  nitrate  of  sil- 
ver and  7*5  chloride  of  sodium,  must  consist 
of 

Silver  .       .       .  13-75 

Chlorine       .       .       .  4*5 

Accordingly,  when  the  precipitate  is  ccilected 
witiiout  loss,  and  after  beiag  well  washed,  and 
dried  is  exposed  to  a  heat  sufficiently  hi^  to  fuse 

it,  the  weight  is  exactly  18*25  graius. 
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Now,  as  4*5  is  the  weight  of  an  atom  ot  cblo- 
riue,  aDil  as  the  cbioiide  is  neutral,  it  is  obvious 
thai  13*75  tnimt  represent  the  weight  of  an  alikni  ^"^^ 
of  silver. 

We  have  various  analyses  of  the  chloride  of 
silver  by  preceding  ehendcts;  some  of  which  ,  it 

will  be  wortli  our  while  to  state. 
According  to  Dr.  Marcet,*  it  is  composed  o£ 


4*5 

Silver  13*844 

Accordiug  to       Gay-Lu$sac>*  its  constituents 
are 

Chlorine  4r6 
Silver  1S*688 

Acooinlmg  to  Berzditt8»t  it  consiste  of 

Chlocuie  4*5 
Silver  13-758 

This  determination  of  JBerzelius  differs  from 
mine  by  only  n^th  part»  a  quantity  so  small,  Difficuidw 
diat  in  ahnost  every  case  of  chemical  analysis  it^ 

may  be  neglected.  I  am  almost  ashamed  to 
acknowledge  the  great  number  of  times  that  I 
repeated  this  experiment  before  I  could  obtain 

what  I  considered  as  perfect  accuracy.  1  began 
by  ettpkying  the  lunar  causUc  o^  cgmtnuice  j 

•  Aoaalt  of  Pbilou|ibj,  XII.  S47.      f  AAatidluiKar,  II  I.  194. 
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but  was  constantly  foiled.  I  then  prepared  ni- 
tmte  of  silver  in  platinum  ves^s^  und  foond  that 

it  was  anhydrous,  and  tliat  i21%5  grains  of  it  were 
just  precipitated  by  7 '5  grains  of  chloride  of  so* 
dhifn  ^  but  the  weight  of  chloride  obtiined  did 
not  tally  with  the  calculated  weight.  Afker 
many  trials  to  discover  the  cause  of  the  diseor*' 
dancy  (for  the  chloride  was  always  riightly  de- 
ficieni;)  I  began  to  suspect  that  the  distilled 
water  which  I  employed  might  perhaps  contain 
some  ammonia,  sufficient  to  dissolve  li  small 
portion  oi  the  cldoride,  and  thus  to  occasion  a 
deficiency,  which  became  perceptible  in  conse- 
quence of  the  great  quantity  of  that  liquid  with 
which  it  had  been  washed.  This  induced  me 
to  acidulate  the  water  with  a  few  drops  of  nitric 
acid  in  my  next  experinlent  By  this  addition  I 
found  that  the  chloride  of  silver  (as  fiur  as  I 
could  weigh  it)  amounted  to  just  18*25.  The 
slight  excess  of  chloride  in  the  experiment  of 
B^rtielius,  and  the  still  grater  excess  in  thtit  of 
Marcet,  the  former  amounting  to  0-008  grain, 
and  the  latler  to  0  094  grain^  I  ascribe  to  « 
ftiintit^  poHicMn  of  some  muriate  iifi  (fie  fiRer  km* 
ployed  by  these  chemists.  This  could  have  no 
effect  in  my  trials ;  because  I  employed  just  the 
quantity  of  nitrate  of  silver  that  was  decomposed 
by  7'5  grains  oi  common  salt  Hence,  my  chlo- 
ride was  always  deficient;  and  I  had  more  than 
once  given  up  the  experiment  as  desperate  he- 
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fore  I  thought  of  acidulating  the  water  w  ith  nitric 
acid. 

«.  The  pttceHttg  experiMcaU  gives  »  not 

only  the  atomic  weight  of  silver,  but  enables  us 
fikewise  to  deterttiiiie  the  atomic  weight  of  oxide' 
of  silver;  feritis  obvious  from  it,  that  nitrate 
of  silver  is  anhydrous,  and  that  21-6  grains  of  it 
Gontain  exactly  Id-?^  grains  of  silver.  Now,  afl[ 
the  salt  is  neutral,  and  as  13'75  is  equivalent  to 
aa  atom  of  silverji  it  k  obviousi  that  the  ^1*5  of 
the  salt  must  contain  an  atom  of  nitric  add; 
and  that  the  di lib ic lice  between  21-5  and  20*5, 
(vi2»  1^*75  6*7  5)  must  be  tbe  quantity  of  oxy* 
gen  with  which  the  silver  is  united.  Hence»  Ai* 
^ate  ot  Sliver  is  composed  of 

]  atom  aside  of  silver  <,    ,  ,   ,      h  l*-75 

f    1' atom  oxygen  1  } 

i  atom  nitric  acid  ^*T5 


21-5 


It  is  obvious,  tliat  the  oxide  of  silver  is  a  com-  Atom  of 
pouad  of  I  atom  silver  +  1  atom  oxj^n,  aadm. 
lIiaL  iU  atomic  weiglit  is  14*75. 

3u  When  oxide  of  silver  is  dissolv-ed  in  ammo- suboxide 
ma»  and  the  solution  left  exposed  to  the  aii^  a 
brilliant  black  pellicle  collects  on  the  surface. 
Tiiis  pellide  was  first  examined  by  Mr.  Faraday, 
from  whose  experiments  it  appears,  that  it  con- 
tains  two  thirds  oi  the  oxygen  in  the  common 
oxide  of  silver.  My  experiments  on  this  pellicle, 

Vol.  I.  £  • 
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which  were  made  sooa  after  Mr*  Faraday  had 

published  his  observations,  were  upon  too  small 
a.  scale.  My  object  was  merely  to  veniy  Mr. 
Faraday's  statement ;  but  as  far  as  I  went  I  ob- 
tained just  the  same  results  as  had  been  stated 
by  that  chemist. .  This  oxide  then^  which  may 
be  called  a  suboxide^  would  seem  to  be  a  com- 
pound of 

H  atom  silver       «a  20*625 
1  atom  oxygen      =  1 

■ 

This  suboxide  does  not  appear  to  form  distinct 
aaka  with  adds. 

4.  The  sulphuret  of  silver  furnishes  an  addi- 
tional evidence  that  the  atomic  weight  oi*  tfaus 
ttietal  is '  IS*75.  This  sulphuret,  which  is  a  black 
looking  compound,  possessed  of  some  ductili^» 
and  quite  sectile»  may  be  formed  by  atratifyuv 
lahfet  and  slulphur  in  a  covered  crucible  and 
heating  the  mixture  till  tiie  excess  of  sulphur  is 
drivoi  off.   BerzeliuB  made  two  experiments  kt 

this  way.*  In  the  first,  2-G05  parts  of  siK  er  be- 
came £*993  parts  of  sulphuret.  Here  we  iiave 
the  sulphuret  composed  of 

Silver      2-605   or  lS-75 

Mfhxa  o*asa  *  a*04S 
In  the  second,  10  parts  of  silver  became  11^ 

•  Am  di  cite  LXXIX;  181.  . 
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parts  of  sulphuret*  This  sulphuret  was  com- 
posed of 

Silver  10       or  13-75' 

Sulphor  1-49    •  20487 

Xkese  experiments  very  nearly  agree  witli  each 
olher ;  yet  I  am  satisfied  that  the  quantity  of 
sulphur  is  somewhat  overrated  j  it  m  difficult  to 
say  firom  what  cause* 

Vauquelin/  who  foimed  the  sulphuret  of  sil- 
ver in  the  same  way,  found  it  composed  of 

Silver      100      or  13*75 

Sulphur     U-59   -     2  0061 

In  this  experiment,  the  excess  of  sulphur  is  only 
the  eighth  part  of  what  existed  in  the  sulphuret 
prepared  by  Berzdias. 

Klaproth  analyzed  the  native  sulphuret  of  sil- 
ver in  the  year  1793,  at  a  time  when  minute  ao 
eonicy  in  chemical  analyses  was  not  attmnpted. 
From  100  grains  of  th6  sulphuret,  he  obtained 
lid  grains  of  chloride  of  silver,  equivalent  to 
H'SSS  grains  of  silver,  and  Hkewise  \i  grain  of 
sulfrfiate  of  silver,  equivalent  to  1*044  grain  of 
Am*f  From  this  analysis,  it  foUofWS»  that  sul- 
phuret of  silver  is  composed  of 

SHv^r      S5*4a7   or   13*7^  ^ 
Salphur   14-573    -  M459 

f  '  '  .t   t        '  »  •  • 

'      100  000 

*  Ann.  dn  Mm,  iflAt.       XVlt  16.  ' "  f  Bcitrtgc^  L  162. 
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Thie  result  does  not  approach  the  truth  so  naar'^ 

]y  by  a  great  deal,  as  the  syuliietical  expqrimente 
of  Berzelius  and  Vauqueliu* 

In  repeatiqg  these  experuiients»  1  found  it 
mucli  more  difficult  than  I  expected  to  procure 
absolutely  pure  silver.  I  found  that  silver 
which  I  had  reduced  from  wdD  washed  chloride 
was  not  absolutely  free  from  copper.  The  me- 
thod which  I  ultimately  adopted  was  to  keep 
CI}  stallizcd  nitrate  oi  iiiivcr  in  a  state  of  fusion 
for  some  time.  It  was  then  dissolved  in  water, 
and  precipitated  by  common  salt  The  precipi- 
tate was  digested  for  some  time  in  water  acidu- 
lated with  nitric  acid.  It  was  then  throwa  oa 
a  filter,  and  well  washed  with  distilled  water. 
Silver  reduced  from  this  cliloride,  and  heated 
with  sulphur,  gave  a  sulphuret  exceedingly  uear 
the  theoretic  proportions.  As  far  as  I  could 
estimate  the  weight  of  sulphuret  from  1315 
grains  of  silver,  it  amounted  to  15^75  graiiu^ 
certainly  the  weight  was  not  so  much  as  15*76 
grains.  Tiiere  can,  therefore,  be  no  doubt  that 
sulphuret  id  silver  is  composed  of 

1  atom  silver       =  13*75 
1  atom  sulphur    «  2 

15-75 

^^^^^    5.  I  analyzed  likewise  the  sulpliate  of  silver, 
which  corresponds  m  its  constituents  with  the 
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atomic  weight  of  oxidu  of  silver  already  deduced 
from  the  nitrate.  Sulphate  ot  silver  is  anhydrous^ 
and  its  constituents  are 

Sulphuric  add  5 
Oxide  of  gaver  14*75 

19-75 

Thus  it  appears  certain  that  the  atomic  weight 

of  silver,  of  its  oxide,  and  its  chloride,  have  been 
rightly  stated.  I  have  not  examined  tlie  iodide, 
but  see  no  reason  to  doubt  that  it  is  a  compound 

of 

1  atom  iodine  1*5*5 
1  atom  silver  13-75 

29*25 
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OP  THE  ATOMIC  WEIGHTS  OF  GOLD,  PLA- 
.  TINUM,  PALLADIUM,  RHODIUM,   AND  IRI- 
DIUM. 

These  five  metals  possess  many  peculiar  charac- 
ters. Their  oxides  are  easily  reduced  to  the  me- 
tallic state  by  exposure  to  a  red  heat ;  they  have 
little  tendency  to  combine  with  acids  and  form 
salts:  the  consequence  is,  that  we  know  very 
few  saline  compounds  into  which  these  oxides 
enter,  with  the  exception  of  certain  triple  com- 
poundfly  by  means  of  which  chiefly  I  have  been 
enabled  to  determine  the  atomic  weights  of  these 
metals,  I  trust  with  tolerable  precision. 

SECT.  L 

OF  THE  ATOMIC  WEIGHT  OF  GOLD. 

It  has  been  long  known  to  all  the  world,  that 

g(M  dissolves  with  facility  in  aqua  regia  ^  that 
the  solution  has  a  yellow  colour,  an  astringent 

and  very  acrid  taste  ;  and  tliat  wlien  sufficiently 
concentrated,  it  ionus  beautiful  prismatic  crys^ 

£•4 
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tals,  which,  however,  are  so  very  deliquescent, 
.  that  I  found  it  impossible  to  analyze  them  with 
even  an  a])proach  to  accuracy, 
^j^y^j^  But  tiiere  is  a  triple  salt  ot  gold,  which  owes 
ride  of  gold  its  formation  to  M.  Chretien's  attempt  to  intio- 
'  duce  gold,  or  rather  to  revive  the  use  of  gold  in 
medicine.  Finding  the  muriate  of  gold  too  de- 
liquescent for  his  purpose,  he  added  a  quantity 
of  common  salt  to  the  muriatic  solution,  and 
then  evaporated  to  dryness :  the  mass  thus  cb^ 
tained  did  not  deliquesce.  Messrs.  Figuier  and 
Berard,  on  e;!wainining  the  mixture,  detected  the 
triple  salt  of  gold  to  which  I  allude,  described 
its.  properties,  and  even  subjected  it  to  analysis.* 
But  as  the  results  of  their  experiments  do  not 
furnish  a  very  near  approximation  to  the  truth, 
I  think  it  best  to  proceed  at  once  to  the  experi- 
ments which  1  made  on  tlie  subject,  with  a  view 
of  discovering  the  atomic  weight  of  gold. 
Prepani-  1.  T  emplovcd  in  my  experiments  a  very  pure 
muriatic  acid  which  I  had  myself  prepared,  and 
which  was  a  compound  of  40  parts  real  muriatic 
acid  and  GO  parts  of  water.  I  found  that  in 
order  to  dissolve  300  grains  of  gold,  it  was  ne- 
cessary to  employ  more  than  ^77'^  grains  of  this 
acid.  Now,  the  atomic  weight  muriatic  acid 
is  4r6^  I  and  977'5  grains  of  the  acid  employed 
isonsisted  of 

*  Jmir.  dc  FInnn«*iiv  VI.  01^ 
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Bealadd  111 
Water  166-5 

277*5 

But  111  grains  muriatic  acid  are  equivalent 
to  M  atoms :  for  4^  KM—  111.  It  will 
appear  fiom  the  facts  abont  to  be  stated  in  this 
section,  that  il\e  atomic  weight  of  gold  is  25 : 
and  dOO  »  ^  X  Id.  So  that  dOO  gndns  m 
equivalent  to  12  atoms  of  gold. 

From  this  it  appears,  that  m  order  to  obtain  a 
aoltttkm  of  1£  atoms  of  gold,  we  must  employ 

at  ]cast  2\f  atoms  of  muriatic  acid.  Hence,  iron) 
this  preliminary  experiment,  I  considered  it  as 
probable,  that  mmriate  <^  gold  is  a  compound 

containing  '2  atom^  muriatic  acid  ibr  every  atom 
of  gold. 

9.  Tb  the  solution  of  900  grains  of  g(dd  in 

nitric  muriatic  acid,  previously  made  as  neutral 
as  possiUe,  90  grains  of  pure  decrepitated  com- 
mon salt  were  added,  previously  dissolved  in 
water.  On  evaporating  this  solution,  it  crystal- 
lized readily,  and  I  obtained  fine  crystals  of  the 
triple  salt  of  gold  to  the  very  last  drop.  Not  a 
siugle  crystal  of  common  salt  separated  ;  nor  iiad 
even  the  last  portions  of  the  salt  the  least  ten^ 
dency  to  deliquesce.  From  this  experiment, 
which  was  several  times  repeated,  it  is  obvious, 
that  the  triple  salt  is  a  •compound  of  90  grains 
of  common  salt,  and  the  quantity  of  muriate 
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oi  gold  which  300  grains  of  gold  are  capable  of 
forming. 

But  an  integrant  particle  of  chloride  of  so- 
dium weighs  7''^  -  and  7*5  x  It^  =  90,  From 
this  it  16  evident^  that  90  gciins  of  decrepitated 
common  salt  are  equivalent  to  IS  atoms  of  rfilo- 
ride  oi  sodium  9  and  it  has  been  stated  that  300 
grains  of  gold  are  equivalent  to  IS  atoms  of  that 
inctal : — iVoiii  this  experiment  it  ibllows,  that 
the  triple  salt  contains  just  as  many  atoms  of 
common  aalt  as  it  does  of  gold. 

S.  The  triple  salt  of  gold  crystallizes  in  Jong 
four-sided  prisms.  It  has  a  beautiful  orange  co^ 
lour,  and  is  not  in  the  least  altered  by  exposuiB 
to  the  air ;  the  description  of  its  properties  by 
Figuier  is  in  general  exact. 

I  shall  pass  over  a  great  many  unmicoosBfiil 
experiments  which  I  made  to  determine  the  pro- 
portions of  its  constituents^  and  satisfy  myself 
with  describing  the  process,  which  was  finally 
successful.  Into  a  very  small  green  glass  re* 
iort»  the  wei^t  of  which  bad  been  previoudy 
ascertained  and  marked  on  it  with  a  diamond,  I 
put  50*5  grains  of  the  crystallized  triple  salt^ 
quite  dry,  but  still  retaining  the  whole  water  of 
crystallization;  the  retort  was  placed  on  a  chof- 
ier,  and  kept  for  two  hours  completely  red  ho^ 
while  its  beak  was  plunged  into  a  bason,  over 
which  was  suspended  an  inverted  glass  jar  filled 
with  a  solution  oi  65  grains  of  nitrate  of  silver 
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in  di8liUed*v»ter.   The  aait  melted  and  boiled, 

and  was  gradually  deprived  of  its  water ;  as  soou' 
as  it  became  drj»  chloxiiie  gas  was  given  out 
very  rapidly  at  first,  but  more  and  more  slowly, 
as  tile  heating  coatinued.  This  gas  was  absorbed 
by  the  nitrate  of  silver  aolutiont  aud  occasioned 
a  precipitate  of  chloride  of  silver. 

This  expehmeat  is  attended  by  two  difficult 
tieaf  which  it  cost  me  some  practice  to  obviate. 
The  first  is,  the  tendency  which  the  liquid  has  to 
make  its  way  into  the  red  hot  retort,  in  coiise*- 
quence  of  the  absorption  of  the  chlorine  gas*. 

This  difficulty  was  obviated  by  liaving  a  contri- 
vance for  lettipg  common  air  into  the  retort 
when  the  absorption  began  to  threaten  the  de- 
struction of  the  retort.  The  other  difficulty  is, 
the  application  of  the  requisite  degree  of  heat  to 
reduce  the  gold  completely  to  the  metallic  state* 
Quite  diiierent  from  muriate  of  gold,  this  triple 
salt  bears  an  incipient  red  heat  with  impunity, 
and  it  was  not  till  after  two  or  three  failures  that 
I  became  aware  of  the  necessity  of  raising  the 
fire  as  high  as  the  gkss  would  bear  without 
mdting,  which  was  a  distinct  red  heat»  and. 
keeping  it  up  at  least  a  couple  of  hours. 

Three  diffisrent  successful  experiments  were 
made,  with  three  difierent  objects  in  view.  In 
the  first,  I  determined  the  weight  of  gold  con- 
tained in  50*5  grains,  of  the  triple  salt ;  in  the 
second,  the  whole  of  the  chlorine  was  combined 
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with  silver,  and  the  chloride  of  silver  collected, 
mudied,  diiedy  fused,  and  weighed  $  in  the  third* 
I  endeavoured  to  approximate  as  nearly  as  j)os- 
sible  to  the  quantity  oi  water  of  crystailizatioa, 
by  distilling  it  over  into  a  small  receiver.  Per- 
fect accuracy  in  this  last  experiment  was  not  at- 
tempted, but  merely  such  an  approximatioii  as 
enabled  me  to  judge  how  far  the  quanfky  of 
water  deduced  from  the  otlier  two  experiments 
would  be  borne  out  by  the  analysts.  I  shall 
state  at  onoe  the  general  result  which  was  ob* 
tained. 

The  loss  of  weight  which  the  salt  sustained 
was  18  grains;  one-half  of  this  was  chlorine, 

determined  from  the  chloride  of  salver  ibrmed. 
This  chloride^  in  two  deferent  experiments, 
weighed  86  giains,  indicating  8*87  grains  of 
chlorine.  The  small  portion  of  chlorine  gas  re- 
maining in  the  retort  was  estimated  to  weigh 
013  i^raiu ;  these  two  quantities  together  mak- 
ing 9  grains — ^the  other  9  grains  ot  loss  were  wa- 
tec*  Of  this  I  actually  obtained  7  gndns  by  the 

process  above  described  ;  and  by  passiiii^  a  cur- 
rent of  air  through  the  retort,  and  this  through 
a  solution  of  nitrate  of  silver,  I  satisfied  myself 
that  the  weight  of  the  residual  chlorine  gas  did 
not  exceed  0*13  grain.  There  can  be  no  doubt, 
therefore,  Aat  the  whole  9  grains  were  pure 
water.  There  remained  in  the  retort  ^  grains 
of  gold.   We  see  from  paragraph  ^td,  that  the 
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ttm  quantity  of  chloride  of  sodiimi  was  7*5 

grains  ;  in  general,  the  quantity  actually  obtain- 
ed did  not  exceed  7"^  grains.  Probably  the  0*1 
grain  ousang  made  its  escape  along  with  the 

water,  owing  to  lliu  rapidity  with  which  the  heat 
was  raised,  or  to  some  other  circumstance  which 
I  was  not  able  to  appreciate.  I  attempted  to 
find  it  in  the  water  j  but  the  evidences  were  not 
sufficiently  unequivocal  to  enable  me  to  speak 
positively  on  the  subject. 

From  the  preceding  analysis  it  appears,  that 
50*5  grains  of  the  triple  salt  of  gold  are  com- 
posed of 

Gold  .         .  25 

Chloride  of  aodium  7*5 
Cbloriiie       •       •  9 
Water  9 

'    ,  50-5 

Now,  it  is  obvious  that  7*5  is  an  integrant  par- 
ticle of  coiiuiion  salt,  9  two  atoms  of  chlorine, 
and  9  eight  integrant  particles  of  water.  As 
the  salt  is  neutral,  and  as  all  the  other  constitu- 
ents enter  into  it  in  atomic  proportions,  E^^^^^^ 
must  do  so  too  ^  consequently,  the  atomic  weight 
of  gold  is  25.  It  is  obvious,  therefore,  that  the 
constituents  of  the  salt  are  as  follows : 
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Conctt-  1  atom  bic  hloride  of  gold  =  34 

1  atom  chionde  ot  aodiiun  7*5 
S  aUKD«  water       .        .  9 

50-5  • 

Whether  the  gold  and  the  sodium  exist  in  this 

salt  HI  the  metallic  state,  or  in  the  state  of'  ox- 

•M.  r  il'uIlt  iiion*  recently  published  the  result  of  a  neiv  analv'sis 
of  ttm  salt,  >vliidi  approaches  excet  'li II near  what  I  have  given  in  liic 
text*  IV>b«biy  the  small  diflbrencub  arc  m^ing  to  the  different  data  from 
mine,  according  to  which  his  caicuiabODS  were  made.  ^  Ue  fbuod  the  con- 
btituenU  as  follows : 

BScUondt  iiC|[olid  3ft  410 

CUorid«<rwdbim  7*13 
Water     .        «        •  8^39 


50-50 1 

Chloride  of  potasKium  likewise  fomu  a  triple  salt,  with  the  soludoa  of 
gold.    It  crystallizes  in  pri«imf,  h  not  altiaifd  by  exposure  to  the  at- 

mwphert',  and  has  ;i  striking  rLstniililancc  to  the  salt  described  in  the 

It  has  bma  analyzed  bj  M.  Jaial,  who  found  the  coartitwepta  tabe 

CUacide  of  poMMiim  9ft'06 

7-10 


Probably  it  coDiuta  of 


latomtiiclilarideiif  gold     •  Si 
I  oloni  cUflrido  irfiffrtwrfum  S^ 


Ja\'ars  analysis  does  not  agree  very  well  with  the  preceding  supposition. 
His  quantity  of  chloride  of  potassium  indicates  M  rv  nearly  "i  atoms.  1 
have  not  niys<.lf  made  any  expLriTncnts  on  this  triple  Mdt.  See  finr  Javdl'a 
Paper,  Ann.  de  Chim.  et  de  Phy^  XVII.  337. 

jf  Ann.  dt  Ctalm.  «t  dt  Fhj*.  XIX.  177. 
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ides^  we  bave  oot  date  to  determine,  utdess  the 

presence  of  water  of  crystallizatiqn  in  the  salt 
may  be  considered  as  a  proof  of  the  truth,  of  the 
latter  supposition.  If  these  metals  be  in  the 
state  of  oxides,  then  it  follows,  that  the  peroxide 
grid»  which  the  salt  must  contaui,  is  a  com- 

pound,  not  of  3  atoms  oxygen  and  1  atom  gold, 
as  Berzeiius  supposes,  but  of  2  atoms  oxygen 
and  1  atom  gold ;  for  upon  no  other  suppositioii 
can  the  products  of  the  analysis  be  accounted 
for.  No  muriatic  acid^  but  only  chlorine,  was 
disengaged  from  the  salt  If  the  metals  be 
oxydized,  then  the  salt  is  composed  of 


^fc^^j^^^i^fc  ]Q^ttA]Rl^ftti^s  ^i^Cl^^l  ^^^^^   ^^^^^^^    "^^1  ^5  ^2  ^5 

1  atom  peroxide  of  gold  ^  ftT'OO  f 

1  atom  muriatic  acid  4  biij  ^  S*685 

1  atom  hoda        ,       ,  3=    4*000 ) 

3  atomt  water  •  5*6S5 


50-5 


The  great  difficulty  attending  the  decomposition 
of  this  salt  by  heat  rather  leads  to  the  supposi- 
tion, paradoxical  as  it  may  appear,  that  the  gold 
in  it  is  in  the  state  of  a  bichloride.  If  that  sap- 
position  be  admitted  as  the  most  probable,  then 
Berzelius'  deduction,  tliat  peroxide  of  gold 
contains  3  atoms  of  oxygen,  still  retains  its  plau^ 
fiibility. 

If  we  adopt  Berzeiius'  experiments  on  the  ^ 
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ooddes  of  gold,  (and  tliey  hme  been  Gaufinaed  hj 

Javal,)  then  the  atomic  weight  of  the  protoxide 

oi  goid  will  be  26,  and  at  the  peroi^ide  ^« 
iviftmii-      4.  .Sulphuret  of  goId»  formed  by  ponring  hy* 
gold.      drosulphuret  of  pota^jii  into  the  muriate  of  gold^ 

was  analyzed  by  Oberkampf.  He  £MUid  it  eoitt* 

pdaed  of 

Gold         .       100  25 
Sulphur    .        24*39  609 

This  approaches  very  nearly  to  1  atom  gold  and 

3  atoms  sulphur.  Doubtless  the  proportion  of 
sulphur  ill  this  compound  is  overrated ;  for  the 
sulphuret  of  gold  cannot  be  dried  by  heat  with- 
out being  dccomposeiL*  This  analysis,  there- 
fore,  serves  to  corroborate  the  atomic  weight  of 
gold  as  just  determined. 
Pmddeot    5,  Berzehus'  analysis  of  the  peroxide  oi  gold 

fold* 

is  likewise  very  satisfactory*  He  deduced,  from 
the  quantity  of  mercury  necessary  to  reduce  a 

given  weight  oi  peroxide  of  gold,  tliat  it  is  a 
compound  of 

Gold      .100       or  85 
Oxygen  .       1S077  -  S<019 

Had  the  quantity  of  oxygen  been  12  grains,  in* 
Stead  of  1^*077t  the  coincidence  would  have 
been  complete  j  but,  considering  the  nature  of 

•  Ann.  ds  Uum.  LXXX.  iU, 
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the  experiment  from  wtuch  Berzelius  deduced 
•die  pr<^K)rtioii  of  mygeia  in  the  peroxide,  I 
ratW  think  it  surprizing  that  the  coincidence  iis 
so  great  as  it  is.  Javal  actually  analyzed  the 
pefoadde  of  gold,  by  heating  it  in  a  ^ass  tube» 
and  collecting  the  oxygen  gas.  He  estimates 
tlie  composition  at  gold  1CX>,  oxygen  11*909^ 
but  his  estimate  was  founded  on  the  specific  gn^ 

vity  of  oxygen  gas  as  determined  by  Eerzelius 
sod  DuioQg,  which  I  have  shown  in  a  former 
dn^pter  to  be  too  low*  When  we  correct  his  ea- 
timate,  the  proportion  of  oxygen  united  to  100 
gold  turns  out  to  be  1^*0008«-— a  number  which 
I  am  penuaded  is  almost  exact* 

SECT.  II. 

OF  TU£  ATOMIC  WEIGHT  QM  FhATimU* 

PLATmuM  dissolves,  as  every  body  knows,  in 

strong  nitromuriatic  acid  with  efierve$cenice»  Tlie 
solution  has  a  dark  brown  colour,  and  is  very  asp 
tringent  and  corrosive.  When  concentrated  by 
evaporation  it  does  not  crystallize,  but  ibrms  a 
dark  coloured  dirty  looking  matter,  not  easily 

*  1  hife  Mme  auspidoa  tlial  Ibe  tna«  aU»mc  waght  of  gold  may  ulti- 
iMtii|  iwufluton^  lS-6  iwtttd  oT  SS.   If  «faiibtSw«Mfl^  SwCrfpltMit 
«^yted  in  llat  Melioo  voold  Iw  s  eoopovod  of  2 
aod  1  Am  chloride  of  wtdiumu   We  lunre  not  dqjia,  at  pnmmit,  to  deter. 
dwSmpoiiil  ivMi  cernintgr. 

Vet.  L  F  f 


Dig'itized  by  Google 


450       GOLD,  FLATDTUMy  PALLADIUM,  &c 

amlyeed  vriA  Bocunicy.   From  the  infronMii^ 

atic  solution  of  platinum  it  is  easy  to  form  tri- 
ple wXU  by  adding  solutions  of  muriate  of  potaaiw 
muriate  of  soda,  <n*  muriate  of  ammoida*  The 
tiiple  salts  with,  muriates  of  potash  andammooia 
are  insoluble  powders  of- a  fine  yetlowcolok: 
the  triple  salt  with  muriate  of  soda  is  soluble, 
and  ciystallizes  in  beautiful  rhombic  pnsmL 
Itiese  Salts  funush  ametbod  for  detenomiiig  tiis 
atomic  weight  of  platinum,  to  which  1  had  re* 
course,  after  a  iew  unsuccessful  tiials  with  muih 
ate  of  platinum. 
wSSSe**  ^*  Triple  muriate  of  platinum  and  potash  is 
of  platinum  an  insoluble  yellow  tasteless  powder,  and  when 
pota^  pji^p^iiy  jj-ig J  contains  no  water  of  cryrtslliaMp 

tion.  After  a  number  of  preliminary  trials  to 
enable  me  to  judge  how  I  ought  to  proceedtsnd 
which  it  is  unnecessary  to  detail,  I  analyzed  the 
salt  in  the  following  manner : 

80*6  grains  of  it  were  put  into  a  platinam 
crucible,  and  subjected  to  a  heat  which  was 
slowly  and  cautiously  raised  till  the  cruciUe  be* 
canse'ned  hot :  by  this  process  the  pladnmn'  ^ 
reduced  to  the  metallic  state,  and  the  loss  of 
weight  sustained  amounted  to  9  grain%*^twtf 
owing  tO' the  escape  of  chlmine  in  tbefim  of 
gasi  If  the  salt  has  been  overheated,  (which 
hqipenedia  some  of  my  flrst  triais)  tlie  lm*ot 
'A'eight' will  exceed  9  grains  ;  but  when  this  bapJ 
pens,  the  weight  of  the  chlohde  ctf  potassium 
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reiMRfiing  inixed.with  the  platiniim  will  be  found 
just  as  much  less  than  9'^  grains,  as  that  of  the 
loss  exceeds  9  grains.   This  gives  us  the  cause  of 

the  excessive  loss ; — it  is  owing  to  the  volatiliza- 
tion of  a  portion  of  that  salt 

Hie  matter  remaining  in  the  crtiGible»  when 
the  beat  liad  been  properly  applied,  weigbed 
21'^  grains  :  water  was  pouied  upon  it  repeated- 
\ji  and  digested  on  it  for  some'  time,  to  dissolve 
off  all  the  chloride  of  potassium.  The  platinum 
being  then  dried,  was  weighed,  and  its  weight 
was  found  to  amount  to  exactly  19  grains ;  con- 
sequently, the  weight  of  tlie  chluiide  oi  potassi- 
vm  was  9*^  grains.  From  this  aoalysia  itappears, 
that  the  triple  salt  is  composed  of 

PlatiDum  ...  IS 
Chloriiie  ...  9 
Chloride  of  potassium  9'5 

SO-5  ' 

But  the  salt  is  oeutral~9  indicates  the  weight  of 
i^itons  of  cUorine,  and  9*5  of  an  intagmt  {Muv 
tide  of  chloride  of  potassium:  1%  tlierefore» 
iBust  eittier  be  the  weigfat  o£  an  atom  of  pjatif 
mmi  at  lewt,  a  multiple  of  it.  From  experi* 
menu  to  be. stated  immediately,  it  will  be  seen,. 
tbattHa  repreaoats  the  atomic  wogbtof  plalamttn. 
Iilftke  sBltwefind  1  atom  of  platinum  combined 
v^thrS^atonis  of  chlorine,  constituting  a  bichioM 

Ff  s 
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rid6.  Tiie  OMBtitueotB  of  the  ti:^#  aatt  are  cb* 
viously 

1  atom  bichloride  of  platinum     —  21 
1  atom  chloride  of  potassium      =  9*^ 

90*5 

And  the  atomic  weight  of  an  iQtq;iBnt  particle 

of  the  salt  is  30*5. 

Berzelius  has  published  an  analysis  of  this 
powder,  which  difiers  but  little  from  mioe.  He 

found  the  constituents 


Platinum 

Chlorine 

Cliloride  of  potassium 


40     or  12-2 
29-2    -  8-906 

4 


100  so-s 

*  «  • 

The  atomic  weight  of  the  salt  is  the  same  as 

that  deduced  irom  my  own  experiments.  Not 
having  seen  the  particulars  of  BerzeUua*  expe- 
riments, but  merely  the  result,  I  cannot  jud^e  of 
the  cause  of  the  shgiit  discrepancies  between  the 
proportions  of  the  ingredient,  when  his  analysii 
is  compared  with  mine : — they  are  probably,  in 
a  great  measure,  owing  to  the  difference  of  the 
data,  which  he  employs  for  his  calcalntioiis» 
But,  notwithstanding  these  slight  differences,  the 
anidysis  of  Berzdius  is  a  most  important  corro- 
boration of  the  very  near  approach  to  aceoncjr 
which  I  have  attained  in  mine. 
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9.  The  triple  muriate  of  platinum  aad  soda  Anaiyi&i  of 


book  which  I  have  seen— though  it  must  have 
often  been  prepared  by  practical  cbemistk  It 
may  be  worth  wbile>  thereidie,  to  mention  its 
most  fitrildzig  properties  before  pnkseeding  to  its 
analysis.  . 

Its  colour  is  a  fine  orange  red — it  crystallizes 
in  flat,  and  very  oblique  fbur-sided  prisma— its 
taste  is  cooling,  bitter,  and  disagreeable — it  has- 
no  smell — its  specihc  gravity  is  1*9S0 — at  the 
temperature  of  6^-5»  100  parts  of  water  dissolve 
107  -  parts  of  the  crystals  of  this  salt — it  is  so- 
luble, hkewise,  in  alcohol.  I  analyzed  it  in  the 
fiiUowing  manner : 

87 'd  grains  of  the  crystals  being  cautiously 
heated  on  the  sand  bath  for  about  an  hour,  were 
fbond  to  eustain  a  loss  of  weight  amounting,  at 
an  average,  to  9  grains.  Sometimes,  when  tlie 
Wat  happened  to  be  too  low,  the  loss  of  weight 
was  less  than  9  grains;  and  at  other  times  when 
it  was  too  high,  it  exceeded  that  amount.  The 
lalt^  thus  deprived  of  its  water  of  crystallizatioiif 
was  heated  to  redness  in  a  platinum  crucible,  and 
the  heat  was  continued  till  the  platinum  ia  tiie. 
salt  was  reduced  to  the  metallic  state :  the  addi«- 
tional  loss  of  weight  sustained  was  9  grains — this 
hM  was  owing  to  the  disengagement  of  chlorine. 
The  matter  remaining  in  the  crucible  was  di** 
gested  in  distilled  water  till  every  tlung  soluble 


ribed  in  anv  chemical  of  platinum 


F  fS 
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''w$s  taken  up*   The  ptatinum  wm  vemaiiiing  in 

a  state  of  purity»  af  ter  beiiig  dried,  weighed  12 
gnuns ;  con8equent||}rt  ihe  weight  of  the  chloride 
of  sodhim  removed  by  die  distilled  ,  water  was 
just  7'5  grains.  From  this  analjsia  it  ioUow8» 
that  the  triple  mariate  of  platinum  and  soda  k 
composed  as  fullovvs : 
» 

Platinum       ...  12 
CbloriiM       ...  g 
Chloride  of  sodium  7*5 
Water         ...  9 

4 

« 

In  one  portion  of  this  salt  which  I  examined,  Ae 

water,  mstead  of  9  grains,  amounted  only  to  8*31 
'  gndnsi  which  would  indicate  only  7^  atoms  of 
water  instead  of  8  atoms.  The  cause  of  this  dif- 
ierence  I  am  unable  to  explain  : — perhf^  the 
salt  had  been  accidentally  deprived  of  a  portion  of 

its  water. 

The  constituents  ot  this  salt  give  U8  IS  for  the 
atomic  weight  of  platinum,  precisely  like  that  of 

the  preceding  salt.  We  may  either  consider  it 
as  composed  of 

1  akm  Inolilorido  of  platinum         w»  21 

1  atom  chloride  of  sodium         .       xse  7.5 
S  atonic. water         .      .      .      =  g 

■ 

'  S7*5 
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Or,  its  ooQ3Ulu«ote  io  itjM  crjratalU^ted  atftte  iqay 
be       .  . 

1  atom  bipermumte  of  pktinam'  t5*2^ 
1  atom  iiiiifiat6'df  iodft      •      •      *  A^QM 
A  atont  irattr    .      .      •      .      «  5*085 


37-5 

The  constituents^  which  ever  supposition  we 
adopt,  are  the  same ;  the  only  difference  consists 
in  the  way  in  which  they  are  arranged.  If  the 
salt  be  a  permuriate,  3  atoms  of  tlie  water  must  go 
to  convert  the  platinum  and  sodium  into  oxides, 
and  the  3  atoms  of  chlorine  into  muriatic  acid. 

d.  Ammonio-muriate  of  platinum  is  formed  by  Anaiy^i^  or 
mixmg  sal-ammoniac  mth.  a  concentrated  sdlu- ^^SS^Kit cr 
tion  of  muriate  of  platinum.  This  salt  is  soluble*^* 
in  water,  though  very  slightly,  and  it  crystallizes 
hi  small  grains  seemingly  octohedrons.   Its  co- 
lour is  a  rich  yellow,  and  it  contains  no  water, 
but  is  composed  of  ' 


'i. 


Si 


e  atoiiit  cMorino        9\  i  « 

1  atom  platinum        12  j 

1  atom  sal-ammoniac     .       .       .  6*75 


it. 


The  preceding  analyses  are  sufficient  to  show 
that  Id  either  denotes  the  atomic  weight  cf  pla- 
tinum, or  that  it  is  a  multiple  of  that  weight 
Some  other  compound  of  platinum  is  still  want- 

Ff4 
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iog  to  enable  us  to  decide  wluch  oi  these  two 
suppoBitiom  is  the  true.  After  some  iiiisucoe» 
ful  attempts,  I  at  last  found  that  the  sulphate  €£ 
platinum  put  it  mmy  power  to  solve  the  problem* 
4.  I  formed  a  quantity  of  sulphate  af  piatmuin 

by  tlie  process  pointed  out  by  Mr.  Edinund  Davy. 
A^i^s^f  29  grains  of  this  dry  sulphate  were  put  into  a 
piatimmi.  ^mall  green  glass  .  retort»  an4  exposed  to  a  red 
heat  till  the  platinum  was  reduced  to  the  metal- 
lic state  ^  it  weighed  exactly  1^  grains.  This 
experiment  was  repeated  several  limes,  in  order 
to  collect  the  oxygen  gas  evolved  by  the  reduc- 
tion of  the  platinum,  and  to  determine  the 
quantity  of  sulphuric  acid  separated ;  for  botii 
these  products  jcouid  not  be  conveniently  coUectr 
ed  at  the  same  time.  The  oxygen  gas  evolved 
was  rather  less  than  three  cubic  inches,  and 
amounted,  thcreibre,  very  nearly  to  2  grains.  The 
sulphuric  add  was  a  very  little  less  than  5  grains ; 

tlie  reason  was,  that  a  little  sulphurous  acid  wils 
disengaged,  which  I  found  it  difficult  to  obtain 
without  some  loss.  From  tbefee  Experiments  it 
is  obvious  enough,  that  the  constituents  of  sul- 
phate of  platinum  are 


Fkttnum 
Oxygen 
Salpiiuric  acid 


18 

r 

5 


19 


Now  the  salt  was  neutral,  and  5  being  equiva- 
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lent  to  to  f  torn  of  sidphuric  acUl,  it  ibUows  that 

12  must  denote  an  atom  of  platinum  :  '2  beinflf  ^ 

^  pitrttntii*- 

equivalent  to  ^  atoms  of  oxygen,  it  is  obvious 
that  the  oxide  of  platinum  in  the  sulphate^  ^ioh 
is  the  peroxide,  is  a  compound  of  1  atom  plati- 
niim  and  d  atoms  oxygm*   Consequentlyt  its^^^^inff 

"  peroxide* 

atofloic  weight  is  14» 

The  knowledge  of  the  atomic  weight  of  pla«> 
tinom  deduced  fyom  this  salt»  enaUes  ua  to  de- 
cide, that  the  triple  chlorides  of  platinum  and 
potash,  and  platinum  and  soda,  contain  1  atom 
of  plattnum  united  to  5S  atoms  of  clilorine. 

Mr.  Edmnnd  Davy  made  an  analysis  of  the 
sulphate  oi  pktinumi  a  good  many  years  ago, 
and  his  rMUhs,  though  not  quite  accmte,  ooo- 
stitiite  near  approximations  to  the  truth.  It  was 
his  analysis  that  pointed  out  to  me  the  mode 
which  I  had  to  follow.  My  method  being  nearly 
the  same  with  his,  I  considered  it  unnecessary 
to  deicribe  it  minutely*  Mr.  £«  Davy's  results 
are  as  fi^Uows 

VUdanm  13-4697 
Oxygen  V6S5i 
Sulphuric  acid  4*99^1 

190000 

The  weight  of  an  integrant  particle  of  the  salt 
deduced  iiom  this  analysis  is  the  same  as  from  my 
own,  namely  19-   The  proportion  of  sulphurib 

•  Phil  Mag.  XL.  354b  ' 
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add  i&  very  nearly  Gorrect^  but tbe  platiBun  is 
too  macbi  while  die  oxygen  is  aamuch  too  Utde^ 
as  if  the  metal  had  not  beea  completely  reduced 
to  the  metallic  state. 
^^^^  5. 1  tried  to  prepare  a  quantity  of  peroxide  of 
platinum  by  the  process  pointed  out  by  Berze- 
lius.  Finding  it  to  contain  bothmiuiatic add 
and  an  alkali,  I  reduced  it  to  a  fine  powder,  aud 
boiled  it  for  a  week  in  a  flask  kept  neacly  tuU  of 
diatiUed  water.  After  this  treatmenty  the  piD- 
portion  of  salt  which  it  contained  was  so  exceed' 
ingly  smaU»  tiiat  I  am  disposed  to  oonsider  the 
diaracters  which  my  powder  possessed,  as  very 
nearly  those  of  pure  peroxide  of  platinum.  Its 
colour  was  a  brownish  black  ^  it  was  tasteless^ 
insolable  in  nitric,  sulphuric,  oxalic,  and  acetic 
adds ;  but  it  dissolved,  though  slowly,  and  not 
without  considerable  boiling,  in  muriatic  and 
phosphmic  adds*  I  made  no  attempt  to  analyze 
it,  both  because  it  was  not  absolutely  pure,  and 
because  I  was  not  sure  whether  it  was  perfectly 
anhydrous. 

AnwOgani  6.  Concciving  that  the  amalgam  of  platinum  was 
mmu  hkely  to  throw  some  light  on  its  atomic  weight,  I 
made  a  quantity  of  it  by  triturating  platirmra  pow^- 
der  and  mercury  in  a  mortar  j  beginning  witli  a 
few  grains  of  each,  and  adding  additional  portions 
of  both  metals  as  the  amalgamation  proceeded. 
The  fluid  amalgam  thus  formed  was  put  into  a 
leathern  bag,  and  subjected  to  strong  pressure  in 
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mitst  to  Bqueese  out  all  tiie  i 


led  filer- 


cury.  I  obtained  a  solid  brittle  amalgam,  iiaving 
the  colour  of  naerciuy,  a  granular  texture,  and  a 
brittle  consiateiicy.  61  grains  of  this  anudgam 
were  exposed  to  a  heat  at  first  moderate^  but 
gradually  raised  as  much  as  possible  in  a  wind 
fianace,  and  kept  up  for  half  an  hour;  The 
loss  of  weight  sustained  was  24*9  grains,  and 
there  remained  36-1  grains  of  pUtinum  appa- 
rently pure.  Now,  £4*9  i^^  ^  ci  y  nearly  which 
denotes  the  atomic  weight  ot  mercury  ^  and  36*1 
is  also  exceedingly  near  S6  «  3  atoms  of  phu 
tinum.  It  is  obvious  from  this,  that  the  amal- 
gam was  a  compound  oi 


Conceiving  that  by  allowing  the  fluid  amalgam 
of  platinum  to  crystallize,  I  should  probably  ob- 
tain a  compound  of  the  two  metals  in  a  di^rent 
proportion,  I  placed  a  quantity  of  the  fluid  amal- 
gam on  an  incUned  plane,  and  when  it  had  be- 
come solid  by  the  running  off  of  the  superfluous 
mercury,  I  analyzed  it  in  the  way  just  described, 
and  found  its  constituents  to  be 


3  atoms  platinum 
1  atom  mercury 


36 
25 


61 


Platinum  12 
Mercury  35'ii 
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It  is  oimoiii  tint  the  erysteb  had  retaned  « 

portion  oi  the  mercury  mechanically  lodged 
tweea  Hieir  particles*  In  fad,  these  oysiab 
reaembled  crjrstals  of  a  salt  taken  out  of  the 
mother  liquor  before  being  dried  ;  yet  I  think  it 
fiat  unhkely  from  tiiie  ezperimeiit»  that  the.  ctya» 
tals  of  amalgam  of  mercury,  if  they  could  be 
obtained  in  a  state  of  purity^  would  consist  of 

1  atom  pUtiniiiii  12 
1  atom  mercuiy  £5 

37 

7.  From  the  precedmg  experiments  there 
seems  no  doubt  that  the  atom  of  platinum  weighs 
Id ;  and  that  it  forms  two  oxides^  only  one  of 
which,  the  peroxide,  has  been  yet  obtained  in  a 
separate  state*  The  atomic  weight  of  the  per- 
oxide is  IL  The  protoxide  must  be  a  com- 
pound of  I  atom  platinum  and  1  atom  oxygen^ 
and  its  atomic  weight  must  be  IS. 

SECT.  III. 

OF  THE  ATOMIC  WEIGHT  Ok  iiUODIUM. 

Thb  soda^muriate  of  rhodium,  a  triple  salt  dis- 
covered by  Dr.  Wollaston,  and  with  a  quantity 
of  which  he  was  so  obliging  as  to  supply  me  a 
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good  nmy  yem  ago,  enaUed  me  to  determine 

the  atomic  weight  oi'  rhodium  and  its  oxides^ 
with  considerable  precisioiu  This  salt  foims 
rhomboidal  crystals  of  an  intensely  deep  red 
eolour,  and  not  altered  by  exposure  to  the  air# 
it  ia  iiifloluble  in  alcohol,  but  sufficiently  so  in 
water.  Carbonate  of  ammonia  produces  no  ef- 
fect upon  the  solution  of  this  salt  ^  but  caustic 
ammonia,  as'wdl  as  the  caustic  fixed  alkalies 
precipitate  the  peroxide  of  rhodium  in  yellow 
cxriouted  fioclci»  An  excess  of  the  fixed  alicalies 
redtssoives  the  whole  of  the  precipitate.  Though 
ammonia  does  not  act  so  powerfully  as  a  solvent, 
3^  it  10  not  williout  its  e£Sect;  for  the  whole 
oxide  of  rhodium  is  never  obtained  if  an  excess 
of  ammonia  be  added  to  the  solution. 

1.  A  hundred  grains  of  crystals  of  soda  mu*  Anaiy^u  or 

»  1    1  111-  J "lu- 

nate ot  rhociiuin  were  dissoivcd  in  water,  ana  riaui of rbo- 

the  peroxide  was  precipitated  by  ammouia,  tak*  ' 

ing  care  not  to  add  that  alkali  in  excess.  The 

oxide  oi  riioduim,  when  collected,  washed,  and 

dried,  was  Sound  to  weigh  d6*07  grains. 

Into  a  solution  of  another  100  graina  of  the 

same  salt  a  polished  plate  of  zinc  was  put,  and 

left  in  the  solution  till  the  whole  of  the  rhodium 

which  it  contained  had  been  precipitated  in  the 

metaUic  state.    To  prevent  the  rhodium  from 

adhering  to  the  zinc,  which  would  have  made  it 

difficult  to  weigh  it  correctly,  the  liquor  had 

been  addukted  with  some  muiiatic  add.  The 
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weight  of  the  metalliG  rhodinm  obiained  in  diis 

experiment  was  19*1  grams. 

From  tins  preiimiBary  experimeat  it  appearsf, 
thttt  d6*07  grains  a£  yellow  oxide  of  rhodiam 

contain  19*1  grains  of  metallic  rhodium,  and 
coDsequently,  6*97  grains  of  oxygen :  therefore^ 
yellow  oxide  of  rhodium  is  a  compound  of 

Rhodiiim    19*1     or  ^486 

Oxygen       6*97    -  2 

« 

I  was  induced  to  infer  from  this  experiment, 
that  the  atomic  weight  of  rhodium  is  5*5 ;  and 
that  the  yellow  oxide  is  a  compound  of  1  atom 
of  rhodium,  and  2  atoms  of  oxygen  ^  and  con* 
sequendy  weighs  7*5« 

2.  28*625  grains  of  the  crystals  of  soda-mu- 
riate of  rhodium  were  put  into  a  small  green 
glass  retort,  and  exposed  to  a  heat  which  was 
gradually  raised  to  an  incipient  redness,  and 
kept  up  a  considerable  time  in  order  to  dissipate 
completely  the  aqueous  vapours  which  are  dis* 
engaged  trom  the  salt  by  the  heat.  This  ex- 
periment cannot  be  made  in  a  metallic  veasel 
without  disengaging  some  muriatic  acid,  and  re- 
ducing a  portion  of  the  rhodium  to  the  metallic 
state;  but  I  have  kept  the  salt  in  a  low  ftd  heat 
for  upwards  of  an  hour  in  a  green  glass  retort^  ♦ 
and  found  it  still  perfectly  soluble  in  water  with 
the  usual  dark  red  colour,  «nd  consequently, 
still  retaining  tlie  whole  of  its  acid.    Tiie  loss  of 
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wdght in  tUs  experiment  was  ^  gnliis;  which 

is,  tiierelbre»  the  water  of  crystalUzatton  in 
28*6£5  grains  of  soda-muriate  of  rhodium. 

3.  f38'6^  grains  of  soda-muriate  of  rfaodimn 
were  dissolved  in  water,  and  precipitated  by  am^ 
mflBia  added  very  cautiously,  and  all  excess 
avoided.  The  yellow  oxide  obtained  weighed 
^*6  grains. — This  step  of  the  analysis  cost  me 
a  great  deal  of  trouble,  and  was  repeated  about 

ten  times  before  I  succeeded  in  sepiirating  the 
whole  of  the  oxide,  and  collecting  it  without 
loss, 

4.  The  residual  liquid,  from  which  the  oxide 
of  rhodium  had  been  thrown  down,  was  evapo- 
rated  with  great  caution  to  dryness,  and  the  re- 
sidual salt  weighed.  The  weight  did  not  exactly 
agree  in  the  different  trials  %  doubUess,  because 
I  applied  the  heat  so  cautiously  that  the  whole 
aqueous  portion  was  not  driven  ofi*;  but  the 
aveirage  weight  of  this  saUne  residual  was  14*5 
grains.  It  was  a  mixture  of  common  salt  and 
sal-ammoniac.  Being  exposed  to  a  heat  snfH- 
ci^  to  drive  off  the  sal^mmoniac,  the  residual 
common  salt  weighed  7*5  grains.  Consequently, 
the  loss  of  weight  was  7  grains  y  but  the  weight 
of  an  integrant  particle  of  sal-ammoniac  is  6*7^ 
giahis  j  for  it  is  composed  of 

1  atom  muriatic  add  4-625 
1  atom  ammgnia  8.12S 

9 
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It  18  obvious  that  the  O05  grain  of  kMS,  over  iaad 

above  tbi>  integrant  particle  of  sal-ammoniac, 
must  have  been  water.  Now,  the  4*6^^  graiiia 
of  muriatic  acid,  in  the  6*75  grains  of  sid-anuno- 
niac  volatilized,  must  have  existed  in  the  2S'G26 
grains  of  the  sodapmuriate  of  rhodium,  and  must 
have  been  in  coiubiiuliou  wiili  tlie  oxide  of 
rhodium. 

IVom  die  preceding  aoalyais  it  appears,  that 
soda-muriate  of  rhodium  is  a  compound  of 

Yellow  oxide  of  rhodium  7'5 

Muriatic  add     •       •  4*625 

Common  salt  7*5 

Wster      ...  9^ 

st<aa5 

Atom  of      Now,  this  ssit  is  perfectly  neutral:  9  re- 

peroxide  of  ^  \  . 

rbodium.  presents  eight  atoms  of  water ;  J'5  is  an  inte- 
grant particle  of  chloride  of  sodium ;  and  4»*6i25 
an  integrant  particle  of  muriatic  add.  7*^  there- 
fore, must  represent  the  weight  of  an  integrant 
particle  of  yellow  oxide  of  rhodium.  The  con- 
stituents of  the  soda-muriate  of  rhodium  may 
diereibje  be  represented  as  ibllows : 

1  atom  permuriaLu  uf  rhodium  i^  iiiJ 
1  atom  muriate  of  soda  .  8*525 
7  atoms  water  .      *  7*375 

aa*685 

For  one  of  the  atoms  of  water  separated  by  faeat^ 
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was  io  all  probabUity  formed  by  the  cbange  of 

the  integrant  particle  of  muriate  of  soda  into 
chloride  of  sodium. 

5»  The  preceding  analyds^  when  compared 
with   the  preliminary  experiment,    leaves  no 
doubt  that  the  weight  ot  an  atom  of  rhodium  is  Atom  or 
5*5,  and  that  the  yellow  oxide  is  a  compound  of 
1  atom  rhodium  and  2  atoms  oxygen. 

This  oxide  of  rhodium  is  described  by  Ber-  Oxides  of 
seKus  as  hmm  ;  but  when  obtained  by  precipi* 
tation  from  the  sodarmunate  of  rhodium,  it  is 
always  geOam.  When  exposed  to  heat  it  be- 
comes slowly  bromiy  and  at  last  black.  During 
this  change  of  colour,  I  could  detect  no  escape 
of  moisture,  to  induce  me  to  suppose  that  the 
yellow  coloured  powder  is  a  hydrate,  and  the 
hrown  the  anhydrous  oxide.  Whether  the  brown 
oxide  be  the  same,  or  diflerent  irom  the  yellow, 
1  have  not  ascertained;  most  probably  it  is  a 
mixture  of  the  yeUow  and  the  black  oxides* 
The  black  oxide  is  undoubtedly  the  protoxide  of 
rhodium,  and  a  compound  of  I  atom  rhodium 
and  1  atom  oixygen  $  so  that  its  atomic  weight  is 

If  the  brown  powder  should  appear,  upon  iar- 
ther  examination,  to  be  a  peculiar  oxide,  it  is 

obvious  that  it  must  be  a  compound  of  1  atom 
rhodium  and  li  atom  oxygen  j  and  that  its  ato- 
mic weight  must  be  7.  I  did  not  succeed  in  my 
attempts  to  dissolve  it  in  acids ;  but  this  msolu- 
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btlity  may  have  been  o^ing  to  the  heat  to  which 
it  had  been  expoaied. 


SECT.  IV. 

OF  THE  AtOHIdmORT  OF  PALLAOIUMr  ' 

My  stock  of  palladium  was  so  small,  that  i  was 
under  the  necessity  of  imking  niy  )ex|[iei4iiieMi 
upon  a  very  minute  scale.  This  precluded  the 
poss&ility  of  attaining  the  math^»atioal  acou'^ 
racy  necessary  for  determining  the  atoflftie  weight 
with  certainty  ;  but  as  my  experiments,  so  iai  as 
they  gd^  confirm  those  already  made  4>y  Berise- 
UuB  on  this  metal,  I  flatter  myself  that  the  mm* 
ber  which  I  have  deduced  ironi  them  is  a  very 
near  approximation  to  the  truth*  from  the  grest 
scailcity  of  this  metal  at  present,  it  is  unlikdy 
that  quantities  suthciently  large  to '  decide  the 
point  with  certainty,  will  speedily  be  at  thedif' 
posal  of  any  chemist.  *  ' 

1.  Palladium,  as  is  known,  dissolves  in  all  tbe 
acids ;  but  by  far  the  best  solvent  of  it  is.oiMNi' 
lUdi'iatic  acid  :  thv  solution  has  a  very  dcepreA 
properfic«s  colour.    Whcu  wc  evapocate  the  solution^  to 
^pdb^  dryness;  and  re^dissoive  the  retidnal  nitiin'^ 
^        ter,  the  colour  of  the  liquid  issa  reddish  browni; 
its  taste  is  intensely  astringent,  .wilbiiut  my^^ 
company!  ng  flavour  of  a  disagreeable.  iiMiure' 
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This  solution  is  precipitated  by  potash  in  dar^k 
r^^tiockflj  by  ammonia  in  bi^  coloured  flocks. 
The  precipitate  by  potash  readily  dissolves  in 
nitric  acid ;  but  the  ammoniacal  precipitate  does 
not  dissolve  in  that  acid  till  the  action  of  the 
add  Is  assisted  by  heat  GalUc  acid  gives  the 
\'ic{m({  3^  greenish  bt^own  colouvj  but  occasions  no 
immediate  precipitate;  prussiate  of  potash  throws 
down  reddish  brown  flocks,  but  the  solution  is 
not  rendered  colourless. 

Muriate  ok'  paliadium  h^  a  reddish  brown  co- 
lour. It  does  not  crystallize;  its  taste  is  in- 
tensely astringent.  When  the  dry  salt  is  expos- 
od  to  tbQ.  air,  it  becomes  moist  on  the  surface, 
but  does  not  flow  into  a  liquid*  This  salt  dis^ 
solves  readily  in  water. 

I  dissolved  7  grains  of  palladium  in  muria-  ^,<^  mu. 
tic  acid  (assisted  by  a  little  nitric  acid),  lo  llieiadium. 
solution  I  added  a  quantity  of  carbonate  of  pot- 
aah,  which  I  knew  to  contain  exactly  6  grains  of 
potash.  This  solution  being  evaporated,  yielded 
crystals  of  triple  muriate  of  pa)Jadiu(n  and  pot- 
ash lo  the  fery  last  drop.  This  experiment 
shows,  that  in  the  triple  salt  the  paliadiuin  beai's 
€Gr>th0  potash  the  ratio  of  7  to  & 

Sk'BefBelios  has  riven  us  the  result  of  two^''<^'  <^ 
experiments  winch  he  made  i  with  palladium^ 
Hie'ox]pditttd  100  parts  ^  palladhim,  by  heating 

them  in  a  platinum  crucible,  with  some  potash 
and  nitre  ^  the  joidde  weighed  llh'^Q9  parts. 
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As  palladium  farms  only  one  oxid^  we  may 
consider  it  as^  a  compomid  of  1  atom  metal  and 
1  atom  oxygen.  Now, 

I4f-2Q9  (the  oxygen  whidi  united  with  tlie  metal)  :  100 
(the  weight  of  metal)  :  ;  1  (atomic  weight  of  oxygen)  : 
7>038  B  atomic  weight  of  paUadium. 

sui])huret     {j[e  informs  us  likewisf^  tliat  100  parts  of  pat 
ma.       ladiumy  when  converted  mto  sulphuret,  combine 
witli  28*15  parts  of  sulphur*   If  ,we  consider  the 
sutplnirat  thus  foinoied  as  a  compound  of  1  atom 

meul  and  1  atom  sulphur,  we  obtaiu  7'10-1*  ibr 
the  atOBUC  we^ht  of  palladium  ^  ior^ 

2B15  :  100  : :  2  (atom  of  milpiinMt)  :  7*104b  * 

These  two  separate  estimates. of  tb/^  atomic 
weight  of  paUadium  approach  so  neady  to  7, 
that  I  was  led  iiom  them  to  qousider  7.  as  the 
.true  atomic  w^iit  of  tt^is  metal^  It  wfa  jljiis 
that  induced  me  to  make  choice  of  7  grains  of 
,pailadium|  and  to  add  to  the  muriatic  solution  G 
^gmuB  of  potash,  both  of  these  qqant^es  being 
equivalent  to  the  atomic  weight  of  these  bodies. 
.Th^  r^ult  of  the  experiment  shows  th^^the 
opinion  was  correct,  or  very  nearly  so,  andv^- 

thprizes  us  to  make  choice  of  7      the  true  ato- 
.mic  weight  of  palladium.   It  woul4  have  be.en 
desirable  to  haxre  made  the  experiment  upon  a 
lafgj^r  §cajle— to  have  euipiojed,  for  example, 

•  £Hsai  liur  la  Tlieoiie  des  Proportions  Cbiiniqii^  p.  IS7> 
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70  graias  of  palladium  and  60  grains  of  potash. 
Soph  quantitifii  would  hav^  more  decisivet 

1/  whethor  there  was  an  ^xcf^  of  either  of  the 

ingredients  ;  but,  imfortunately,  my  stock  of 
pajlftd  1.11m  was  madequate  to  any  such  experi- 
ment. »  ,    .    .  , 

4.  The  trij)le  muriate  of  palladium  and  Potash  PjJ^wj- 
crystallized  in  very  small  needles,  of  a  mostiwttum. 
beautiful  brown  cdour*  Dr.  WoUaston  describes 
them  as  four-sided  prisms  ;  and  says,  that  when 
tiewed  tnuisverselyt  are  of  a  bright  green ; 
but  when  seen  in  the  direction  of  their  axes, 
they  are  dark  red*  JLu  my  crystals,  from  their 
eztreme  rninntenfisi^  it  was  impossible  to  ob- 
serve these  appearances.  Was  the  brown  colour 
owing  to  a  mixture  of  the  two  colours  described 
byWolkdton?  ' 

It  has  an  intensely  astringent  taste,  accom- 
panied with  a  perceptible  sweetness.  It  is  in- 
soluble in  alcohol^  but  pretty  soluble  in  water  $ 
and  the  solution  has  a  dark  red  colour,  like  tliat 
of  muriate  of  palliuiuim.  It  contains  very  little 
water ;  for  10  grains  of  it,  when  kept  124  hours 
upon  the  sand  bath,  in  a  temperature  of  nearly 
600",  lost  only  Oli  grain  of  weight  When 
heated  to  redness  the  salt  melted,  and' I  kept- 10 
grains  in  a  state  of  fusion  for  half  an  bour^  tlic 
loss  of  weight  was  0«S  grain.  When  exposed  'to 
the  intense  heat  of  a  wind  furnace,  the  palladium 
is  reduced  to  the  metallic  state  ^  but  the  tern- 
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perattire  requisite  for  this  reductian  is  90  iitgn, 

that  the  greatest  part  of  the  muriate  of  potash  is 
volatilized.  The  weight  of  palladium  obtained 
from  10  grains  of  the  triple  salt  if  as- 3*08  greim. 

Now,  it  was  shown  by  a  preUmiiiary  experi- 
meaty  that  the  potasli  m  this  salt  bears  to  the 
palladium  the  ratio  of  6  to  7 ;  consequentfy, 
10  grains  of  the  salt  must  contain  2*64  grains  of 
potash. 

The  palladium  in  the  salt  is  doubtless  in  the 

state  of  oxide.  If  the  atomic  weight  of  palladi- 
um be  7»  and  that  of  oxide  o/'  palladium  8y  then 
(since  7:8::  3*08  :  3^6%)  S'5Q  grains  must  be 
the  weight  of  oxide  of  palladium  in  10  grains  of 
the  triple  salt. 

Both  of  these  bases  in  the  triple  salt  are  com- 
bined with  muiiatic  acid.  Now^  the  atomic 
weight  of  muriatic  acid  being  4'*6£59  it  isevi* 
dent  that  8  grains  of  oxide  of  palladium  will  be 
just  saturated  hy  4*625  grains  of  muriatic  add} 
and  S*52  grains  of  oxide  will  requii^  for  ^tora^ 
tion  2'03o  grains  of  muriatic  add. 

And,  since  6  potash  require  4*6£5  of  muriirtic 
acid,  ^"64  grains  of  potash  must  require  fbr  sa^ 
turation  1*5^6  grain  of  muriatic  acid.  - 

From  this  it  appears*  that  2'0S5  grains  of  mu- 
riatic acid  are  in  combination  with  the  oxide  of 
palladiumi  and  1%5^  grain  with  tiic  potash. 
'  These  calculations  enable  us  to  state  the  con* 
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.^liiueixt$  o^'  thp  triple  (uuriate  oi'  palladium  as 
foJloiVs: 

Oxide  of  palladium        K  r    n  1 

"Potash  2-64  )  ^  - 

.  .  .  Muriatic  aod      .  J'SAoj 


10-000 


This  estimate  would  give  us  the  constitution  of 
the  salt  in  atomic  numbers  as  follows :' 

J  atom  fttttriate  of  iNdladfnm  18*625 

1  atom  muriate  of  potash  »  10*625 
f  tbs  of  an  atom  water      ,*      »  0*67^ 


Had  the  qusmtity  of  water  amounted  to  1  atom 

instead  ait'  Jtlis  ot  an  atom,  the  aualvsiii  would 
have  been  more  satisfactory.  - 
The  reader  will  observe  that  witfi  resfpert'to 
palladium,  X  was  obliged  to  rest  satisfied  witii 
the  preliminary  experiments  which  I  made' on 
.the  other  metals,  before  attempting  the  aiialysis 
,  from  which  tiie  atomic  weights  are  deduced* 
These  preliminary  trials  I  have  thou^t  it  need- 
.  less  to  state  in  the  other  sections  5  but  my  stock 
,  oi*  psdladii^m  having  been  exhausted  by  ihtm,  I 
was  under  the  necessity  of  drawing  my  cbndu- 
sions  respecting  this  metal  from  tiiem  entirely. 
The  above  analysis,  (if  analysis  it  can  be  called) 
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was  thrice  repeated  with  very  nearly  the  same 
result 

cij^^^  .5.  I  made  three  attempts  to  ascertain  the  ato- 
mic  weight  of  palladium^  by  ibrmiog  a  chloride. 
My  method  was  to  dttsoive  7  grains  of  pallar 
dimn  in  muriatic  acid,  to  evaporate  tlie  solution 
to  dryness,  and  to  expose  the  manate  to  heat  in 
a  covered  pladnum  ctuciUew 

9 

^  The  first  trial  gave  11*910  grains  of  chloride 

■  '  The  secontl      ^.  '  12'13:; 

''The  third      "J^  12-231 


These  weights  are  too  high,  if  7  be  the  atomic 
•    weight  of  palladium  j  for  if  we  subtract  7  iiom 
l^-OQl,  the  remainder  is  which  some- 

what exceeds  the  weight  of  an  atom  of  clilorine. 
Perhaps  the  salt  was  not  exposed  to  a  beat  su^* 
ciently  high  to  decompose  the  muriate  com- 
pletely. The  experiment  is  scarcely  susceptible 
of  accur^y  ^  because  at  the  heat  necessary  to 
deeompose  the  nmriates,  a  pbrticm  of  the  chlo- 
rine IS  apt  to  escape. 

The  preceding  experimentB,  imperfect  as  i)fejf 
are,  lead  to  the  conclusion,  that  th^  utmifi 
weight  of  palladium  is  7,  and  that  of , its  oxide  8. 
These  numbers  are  certaiiiiy  very  near  theti*uth» 
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4 

I 

OF  THE  4JQmC  WBIOHT  OF  ttlDIUIC; 

Ij?££PAii£D  a  quantity  ai  muriate  of  iridium 
from  the  black  matter  which  ranaiiis  when 

crude  platina  is  dissolved  ia  intro-miiriatic  acid. 

The  process  which  I  followed  was  nearly ,  that 
pointed  out  by  Vauquelin  in  his  paper  cm  os- 
mium and  iiidium.  This  black  matter  was 
found  to  contain  a  very  coosidmble  proportion 
of  iron  and  some  titanium ;  the  qtfttntity  of  iri- 
dium which  it  yielded  was  much  less  than  I  bad 
anticipated. 

1.  Muriate  of  iridium  crystallizes  in  tetrahe- 
drons,  it  has  a  great  deal  of  lustre,  and  a  bi  ownoC; 
colour  so  deep  that  the  salt  appears  black.  Its 
taste  is  intensely  bitter  and  astringent  j  its  solu- 
tion in  water  has  a  red  colour,  so  deep  that  the 
|tf  d  contindes  opaque  even  after  it  has  ^been  a 
good  deal  diluted  with  water.  When  so  inucti 
diluted  as  to  be  transparent,  the  colour  appeiuis 
yelldw.  " 

The  aqueous  solution  of  muriate  of  iridium  is 
rendered  colouriess  by  the  addition  of  a  (€w 
drops  of  any  of  the  f  ollowing  bodies  : 

Gallic  acid, 
Pragtiale  of  potash, 
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Ammonia. 
PoUsh, 

.'i'F       Jilt  U'.n  n  Soila,    Ji^^^^  y,j  ^^^^^\ 

, ,  ,  ,        Barytes  water, 

...  i>-v      Sulphuretted  hydrogen, 

•  i-i-i//   ro  ^i-ol  .  Proto^ilphate  oF  iron, 

jU  Sulphate  of  zinc i>r^  <jj  . 

;  ■  ^u.f  .'.    •  .  ^'  ;  •   .  r,  ,  .; 

Zinc  or  tin,  when  left  in  the  Hquid,  renders  it 

colourless  in  twenty-four  hours..,, 

J  •r»*'i         I  II'.' 

'♦*'7'        0*  'V 

f  ,  The  following  bodies  produce  ho  alteration  ni 
^the  cplour  and  transparency  of  this  liquid. 

|M»*  ^Ay'Blue  vitriol,  '   fHy|i  |»erviIA  l!k.^fb  jj  i 
Persulphate  of  iron,  ' 

•  |ri  i»  .Muriate  of  manganese, 
II,,        Nitric  acid,  , 

.        Oxalic,  tartaric,  citric,  acetic  acids, 
*  "Klh .  H'.  Sulphuric,  nitric,  muriatic  acids. 

When  nitrate  of  mercury  is  dropped  intp,  the 
.solution  of  muriate  of  iridium,  an  abundant 
precipitate  of  orange  flocks  falls  down,  and  tlie 
liquid  becomes  colourless.  Miniate  of  tin  pro- 
duces a  slight  yellow  precipitate,  and  renders 
the  liquid  colourless.  , 

Such  are  the  effects  of  reagents  upon  this  sin- 
gular substance.  It  is  not  precipitated  either  by 
alkalies  or  by  acids — so  that  no  good  method  of 
analyzing  it  readily  presents  itself.  Yet,  upon 
making  the  trial,  I  found  the  analysis  of  it  both 
easy  and  .satisfactory. 
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^.  A  hundred  grains  of  the  crystals  were  put  Anai^kU  of 
into  a  small  greoi  gl»H  and  kept  red  bot^'' 
for  two  hours  by  means  of  a  charcoal  fire.  The 
crystals  did  not  alter  theii*  appearance  in  tlie 
least;  jet  they  emitted  a  perceptible  smell  of 
chlorine,  and  the  salt  sustained  a  loss  of  weight 
amountmg  to  grains*  The  crystals  thus 
Urea^  were  completely  aoluble  in  water ;  they 
Avcie  therefore  in  a  state  ot  a  pure  aulijilrous 
'  chloride  ot  iridium. 

3,  8^*5  grains  of  tliis  chloride  dried  in  a  red 
heat  were  put  into  a  piauiium  crucibie,  and  ex- 
posed to  the  strongest  beat  which  1  could  raise 
io  a  wind  fiimace.  Wheti  the  erooible  was  coid» 
I  found  that  the  ciiioride  had  been  decomposed^ 
and  that  there  remained  S7*5  grains  of  metallic 
iridium.  The  loss  of  weight  sustained  was  there* 
fore  45  grains,  and  this  loss  was  obviously  occa- 
sioned.by  the  dissipation  of  the  chlorine. 
•  This  experiment  will  be  iiioie  easily  under 
stood  if  we  divide  the  quantity  of  chloride  em- 
ployed  by  ten.'  8*25  ghdna  of  chloride  of  iri- 
dium, when  decomposed  by  heat,  lose  4*5  grains 
of  chlorine*  and  the  remaining  3*7^  grains  consist 
of  metalKc  faidium.  Thus  we  see  that  the  chlo* 
ride  is  composed  of  •  • 

Iridium  •       .       •  3'?^ 

Chlorine        ...  4*5 
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Now,  as  4*5  is  '^iih«leiit  to  in  aloni  ciiloriiie, 

3*75  must  represent  tiie  atomic  weight  ol  iri- 
dium.     *  •  :  - 

I  repealed  tins  experimeM  twiee^  emplojHi^ 
each  time  8*^  grains  oi  chloride  ot  iiidium ; 
becinise  mjr  stock  of  salt  had  been  too  mmdk 
hausted  by  the  preceding  tridsto  aHovme  to 
employ  a  greater  quantiQr.  These  two  experi- 
ments did  not  quite  agree  nith  each  olh«ri  tba 

first  lca\nnG^  a  greater  (juantity  of  iridium  than  • 
875  grams,  aiid  the  second  a  smaller  quantity  : 
th^  m^n^of  the  two  made  the  qnMitf  of  iiidi* 
um  amouTlt  to  S'88  griiins.  This  approaciies  as 
near  to  d*7^,  the  atomic  weight  deduced  from 
the4M  experiment,  as  ooold  be  expected,  wtea 
We  take  into  view  the  very  small  scale  on  which 
the  expeiimedts  were  inade.  For  wheti  we  eou 
ploy  in  onr  trials  very  smaU  qumtitieaof  matter, 
exact  results  are  not  to  be  looked  lor  because 
the  unavoidable  tnacconuaes  mmag  fiom  we^* 
ing,  or  from  want  of  absolute  correctness  in  the 
weights  which  we  employ,  bear  too  gieat  a  pro* 
portion  to  the  whole  quantity  used.  But  the 
first  experiment,  which  was  made  with  great  care 
upon  a  quantity  sufficiently  great  for  aocuracy, 
gives  us»  I  concetve,  the  true  atomic  weight  of 
iridium. 

I  believe  the  crystals  usually  called  murinte  of 
iridium  shoald  be  called  chloride  of*  iridium; 
fcH*  tiie  loss  ot  weight  being  only  2*6^  per  cent^ 
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downotamoaaft  to^iaileM  mncb  aft  tli»  fifth  of  an 

atom  of  water.  This  explains  tbe  rea^Qu  why 
the  iridium  is  not  precipitated  by  alkalies^  ^a  ia 
tMoally  the  case  wiA  metaUic  <H^eB« 

•  Wheu  the  solution  of  this  salt  iu  water  is  made 
iwlbttMt  heat»  ithaa  a  Aie  gvaen t  colour  $.  bllt'if 
we  boil  the  green  liquid,  it  gradually  loses  its 
Qogiaal'  colour  and  bficoaifta  ned*  This  change 
of.cokyrhaa  been  gem^nUy  ascnbed  to  tba  ad* 
dition  of  oxygen  to  the  oxide  of  ii  itUum,  It  has 
boeo  concluded  from  ittbatt)ieiiaare  two  oxidas 

of  iiidHUii|'*«*4he  piotoidde  is  green  and  the- par*  OiUm  ot 
oxide  redm  Whether  this  explanation  be  the  true 
OBol  have  not  bcjBn  able  to  detaDnjne^  aaidlmj 
attempts  to  obtain  the  oxides  <^  iridium  in  a 
separate  state  have  ended  in  disappointment  If 
Ihere  he  two  oxides  <£  ifidium*  the  protaside  is 

doubtless  composed  of  1  atom  iridium  and  1 
atom  oxygen,  and  its  atomic  weight  uuifidt  be 
'  Vtroside  of  tridiam  most  be  a  oorapoiind 
of  1  atom  indium  and  2  atoms  oxygen>  and  it£ 
atamic  .weight  must  be  ^75. 

* 

/  .•  •  V    f.    '  ,  S£CX«  VI* 

•  ■  k 

OF  THE  ATOMIC  WEIGHT  OF  OSMIUM. 

•  .    ..  ■  .    .    •  • 

I  AM  still  unacquainted  witli  the  atomic  weight 
of  osauam-"-the  quantity  of  tliataoomaious.sub- 
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stance  at  my  disponil  being  too  small  to  enable 

me  to  prosecute  the  subject  to  any  extent. 

1.  I  mixed  together  equal  weights  ot  ziac 
filings  and  osmium,  and  putting  the  mixture  into 
a  glass  tube  bent  like  a  retort,  I  poured  on  it  a 
quantity  of  dilute  sulphuric  acid»  to  see  whether 
the  hydrogen  gas  evolved  contained  any  osmium 
iu  solution  :  but  I  could  obtain  no  evidence  that 
it  contained  any.  The  gas  had  no  sensible  smell 
nor  taste  ;  it  was  not  absorbed  by  water,  and  did 
not  produce  any  sensible  effect  upon  the  solu- 
tions of  lead*  It  burned  just  like  common  h'y* 
drogen  gas,  and  required,  as  usual,  half  its 
volume  of  oxygen  gasibr  complete  combustion. 

The  sulphuric  acid  solution  of  the  zinc  was 
black  and  opaque,  and  contained,  obviously,  a 
portion  of  die  osmium  in  a  state  of  solutioo. 
But  upon  attempting  to  obtain  this  triple  solution 
in  a  dry  state,  the  colour  gradually  became 
lighter  as  the  evaporation  advanced,  and  when  I 
the  whole  had  been  i  eiluceii  to  dryness,  all  traces  | 
of  the  presence  of  osmium  liad  vanished. 

Osmium,  in  the  metallic  state,  was  digested  in 
caustic  soda  ley  : — ^a  yellow  coloured  liquid  was 
obtained,  but  the  greatest  part  of  the  osmium 
remained  undissolved* 

END  OF  VOLUME  FIRST. 
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AN  ATTEMPT 

TO  ESTABLISH 

THE  FIRST  PRINCIPLES  OF  CHEMISTRY 

BY  EXPERIMENT.  * 


CHAP.  XIII. 

OF  THE  ATOMIC  WEIGHTS  OF  URANIUM,  AN- 
TIMONY, CHROMIUM,  MOLYBDENUM,  TUNG. 

STEN,  COLUMBIUM,  AND  TITANIUM. 

The  seven  metallic  bodies,  which  I  propose  to 
treat  of  in  this  chapter,  form  compounds  with 
Oiqrgen,  which  possess  rather  the  properties  of 
acids  than  of  bases.  The  peroxides  of  three  of 
them,  viz.  chromium,  molybdenum,  and  tung- 
HeD,  aie  well  marked  adds,  for  they  form  neutral 
salts  with  the  bases,  which  are  (several  of  them) 
capable  of  crystallizing*  The  peroxides  of  the 
other  four  are  not  so  decidedly  add ;  but  thejr 
exhibit  a  much  greater  tendency  to  unite  with 
bases  than  with  adds,  and  the  oxides  of  tanta- 
hm  and  titanium  are  found  native  always  united 
v^ith  bases. 

Voi.IL  A  • 
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SECT.  I. 

OF  THE  ATOMIC  WEIGHT  Of  URANIUM. 

It  is  sufficiently  known,  that  uranium  was  dis- 
covered by  Kiaproth,  in  a  set  of  expenineuU 
which  he  made  on  black  blende,  in  1789 ;  that 
the  properties  and  some  of  the  compounds  of 
uranium  were  examined  by  Buchoiz,  about  tbe 
beginning  of  the  present  century  $  and  that  M. 
Schonberg  made  a  set  of  experiments  in  Beree- 
iius*  laboratory  in  1813,  in  order  to  deteniiiiie 
its  atomic  weight  But  by  fiu*  the  most  elabo- 
rate and  instructive  investigation  of  the  proper- 
ties of  uranium  and  its  compounds  was  made  by 
M.  Arfwedson,  and  inserted  by  him  in  the  Me- 
nioirs  of  tiie  Stocklioim  Academy  oi  Sciences  for 
18^.  By  the  kindness  of  Mr.  Heulaad  Jot  Loa* 
doiH  whose  liberality  I  have  so  ofleli  experiefloed» 
1  was  supplied  with  a  sudicieut  stock  oi  pitch- 
blende^ to  enable  me  to  procure  iiie  oxidasof 
this  metal  in  such  quantities  as  put  it  in  mj 
power  to  repeal  such  of  Aifwedson's  e^n* 
ments  as  seemed  to  require  examination,  and  0 
determine  the  atomic  weight  of  these  compounds, 

21^^^  I  trusty  With  c<msiderable  accuracy. 

obtaining      PitchUende  obviously  varies  considerably  ^ 

peroxulcof  • 

unmium.  its  composition,  consisting*  in  fact,  oi  a  variety 
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of  minerals  mechanically  mixed.  Galeiui  and 
copper  pyrites  may  be  occasionally  observed  in^ 
tmpened  through  it  Arfwedaon  infinrms  us 
tiiat  he  found  in  it  arsenic,  cobalt^  and  zinc,  in 
addition  to  the  iron,  and  a^per,  and  lead  which 
had  been  noticed  by  Klaproth.  In  the  speci- 
mens of  pitchblende  which  I  examined  I  coulfi 
find  no  traces  of  arsenic,  cobalt,  or  zinc$  but 
copper  and  iron  existed  in  abundance,  and  like- 
wise some  lead.  My  method  of  obtaining  the 
peroxide  of  nraninni  was  die  following  :  The 
pitcliblende  was  reduced  to  powder,  and  digest- 
ed in  nitric  acid  tiU  every  thing  soluble  was 
taken  up.  Hie  solution  was  rendered  as  neutral 
as  possible  by  evaporation.  A  cuirent  of  sul-* 
phuretted  hydrogen  gas  was  then  passed  thraogh 
k  till  every  thing  precipitabie  by  that  means  was 
tiirown  down^  The  precipitate  was  at  ii^st  dadc 
brown,  and  it  always  retained  that  colour  to  the 
very  end  ;  not  the  least  appearance  of  any  thing 
yellow  (to  lead  to  the  suspicion  of  the  presence 
arsenic)  could  be  detected.  The  solutioa, 
thus  freed  from  cqpper  and  lead,  was  filtered, 
nnd,  after  being  heated  to  drive  off  the  sulphuret- 
ted hydrogen,  was  precipitated  by  caustic  am- 
monia. The  precipitate  tiius  obtained  was 
washed  and  separated  on  the  filter ;  and,  while 
still  moist,  was  digested  in  a  pretty  strong  solu- 
tion of  carbonate  of  ammonia.  A  hue  lemon 
yellow  solution  was  obtained ;  and  there  remain- 

AS 
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ed  a  red  inaokible  matter,  comtsting  ^efly 
of  iron,  which  was  not  particularly  examined. 
The  aolufcion  io  carbooate  of  ammonia  being  set 
aside  for  a  few  days  in  a  close  vessel,  a  consi- 
derable number  of  very  fine  rich  yellow  crystals 
were  deposited,  coosisting  of  foor-aided  right 
prisms,  with  rectangular  bases.  This  salt  was 
taatelesfiy  and  iiunluble  in  water,  ^  and  proved,  on 
examinatioo,  to  be  a  compound  of  carbonate  of 
ammonia,  percarbonate  ot  urauiuin,  and  water. 
It  was  analyzed  in  the  following  manner : 
Amijmct  1.  49-875  grains  of  the  crystals  were  put  into 
uubuiiate  a  small  retort,  and  exposed  to  a  iieat  not  ex- 
ceeding  400^,  on  the  sand  bath.  There  first  came 
over  some  moisture,  and  then  carbonate  of  am- 
monia sublimed.  I  did  not  succeed  in  weighing 
the  water  and  tiie  carbonate  of  amm<mia  sepa- 

rately,  for  the  carbonate  absorbed  tbc  whole  of 
the  water,  and  became  dry  crystals  ^  but  the  total 
loiss  of  weight  sustained  by  the  salt  was  18  gi^ns. 
Tbe  salt,  by  being  tlius  deprived  oi  its  carbonate 
of  ammonia  and  water,  had  acquired  a  ami 
beautiful  orange  red  colour.  It  still  dissolved  in 
adds  with  effervescence,  and  therefore  coatalneJ 
carbonic  acid.  When  strongly  heated  by  a  spirit 
lamp,  some  water  was  disengaged,  and  some  car- 
bonic acid  (mixed  probably  with  oxygen  gas) 
and  the  peroxide  of  uranium  was  converted  into 
protoxide.  It  now  consisted  of  black  grains, 
having  considerable  lustre.    They  were  easily 


Digitized  by  Google 


UilANIUM. 


5 


reduced  to  powder,  and  the  powder  luki  a  tiark 
green  colour.  The  weight  of  tiie  protoxide  thus 
obtained  wm  ^  grains ;  so-  thftt  the  loss  of 
weight  was  4*875  grains. 

Tbe  18  grains  which  sublimed  first  I  consider 
tocondst  of 

3  atoms  carbonate  oi  auuiiuniu 

3  atoms  water         .         .  3*375 

18 

By  dissolving  the  matter  in  water,  and  mixing 
the  solution  with  mnriate  of  lime,  I  found  by  the 
weight  of  the  precipitate  that  the  carbonate  of 
ammonia  was  very  nearly  14*6^  gi'ains.  The 
4*875  grains,  driven  off  by  a  red  heat,  I  consider 
as  composed  of 

1  atom  oxygen        .         .  1 
1  atom  carbonic  acid         .  2*75 
1  atom  water  .         .  I'i^tB 


4*875 

If  these  suppositions  be  admitted,  the  triple  salt 
was  a  compound  of 

3  atoms  carbonate  ofanauonia  14'625 
1  atom  percarbonate  <^  uraiuum  30*7^ 

4  alom»  water  4*5 

49*875 

From  this  analysis  it  is  clear  that  an  atom  of 

a's 
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Atom  of  peroxide  of  uranium  weighs  38,  and  an  atom  of 
Mdteoi.  protoxide  27 ;  hence  the  atomic  weight  of  uia* 
nium  in  the  metallic  state  must  be 

2m  It  has  been  long  known  that  uranium  com* 
bines  with  two  proportions  of  oxjrgenf  and  foims 
two  oxides.  Before  proceeding  farther,  it  will 
be  proper  to  give  some  account  of  these  oxides^ 
because  none  of  the  chemical  books  which  I  have 
seen  contain  any  thing  on  the  subject 

(I.)  Protoxide  of  uranium,  obtained  by  e^qpoB- 
ing  the  percarbonate  of  uranium  and  ammonia 
to  a  red  heat,  is  composed  of  small  grains,  hav- 
ing a  black  colour,  .and  a  good  deal  of  lustre; 

but  when  reduced  to  powder,  it  has  a  dark  green 
colour.  It  is  soluble  in  muriatic  and  suipiiuiic 
acid ;  but  the  solution  goes  on  verj  slowly,  ex* 
cept  when  the  oxide  is  in  the  state  of  a  hydrate. 
The  solutions  are  green,  and  the  protoxide  is 
thrown  down  in  the  state  of  a  brown  coloured 
hydrate,  which  dissolves  very  easUy  lu  acids, 
forming  a  dark  green  solution.  In  nitric  add 
the  protoxide  dissolves  very  readily  with  the  evo- 
lution of  nitrous  gas ;  and  b}'  this  solution  it  is 
converted  into  peroxide.  The  protoxide  of 
uranium  is  tasteless,  and  not  altered  by  exposure 
to  the  air.  It  comtHues  readily  with  the  adds ; 
all  its  salts  have  a  green  colour,  and  none  that  I 
have  tried  is  capable  of  crystallizing. 
ir^^L.  (^0  Peroxide  of  uranium  has,  I  suppose,  a 
lemon  yellow  colour,— at  least  this  is  the  colour 
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by  which  most  of  its  .sajts  are  distinguished 
Such  is  its  tendeiK7  to  combine  with  other  bodies 

that  it  seems  impossible  to  obtain  it  in  a  sepa- 
rate state.  It  dissolves  with  ease  in  nitric  acid, 
and  fonns  a  lemon  yellow  solution  of  great  in- 
tensity, which  crystallizes  and  forms  the  nitrate 
of  uranium  in  fine  lemon  yellow  crystals,  having 
the  form  of  right  four-sided  prisim  with  square 
bases.  If  we  throw  down  the  oxide  from  this 
salt  by  caustic  ammonia  or  floda,  it  retains  these 
alkalies  in  combination,  from  which  it  cannot  be 
freed  by  washing*  If  we  throw  it  down  by  car- 
bonate of  ammonia,  we  obtain  a  yellow  powder, 

which  is  most  frequently  a  percarbonate  of  urani- 
um I  but  sometimes,  a  triple  salt  ounposed  of 
carbonate  of  ammonia  and  percaitionate  of  ura- 
niuni.  If  we  throw  it  down  by  potash  or  soda, 
we  obtain  a  beautifid  orange  red  powder*  which 
IB  a  triple  coinpound  of  percarbonate  of  uranium 
and  an  alkaline  carbonate.  Arfwedson  has 
diown,  that  if  we  mix  together  solutions  of  per- 
nitratc  of  uranium  and  any  earthy  or  metallic 
nitrate,  and  add  cwstic  ammonia  or  potash  to 
the  aohition,  the  peroxide  of  uranium  predpi* 
tates  in  chemical  combination  witli  tiie  earthy  or 
metallic  oxide  present. 

Thus  it  appears,  that  peroxide  of  uranium  is 
capable  of  uniting  both  witii  acids  and  with 
bases;  so  that  it  performs  the  double  function 
of  an  alkali  and  an  acid.   None  of  the  simple 

A4 
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salts  into  which  it  enters  as  a  base  crystallizes 
except  the  nitrate ;  but  it  forms  xnany  ciysfal- 
lizable  triple  salts*   I  have  examined 

Persulphate  of  uranium  and  pt)tash, 
Permuriate  of  uranium  and  puLash, 
Perctrbooate  of  uranium  and  ammonia, 

all  of  which  ciystallize  very  well. 
Adiancr     I  shall  here  mention  the  action  of  various  re» 
pernitrate  ageuts  upoD  pemitiate  of  uraniuni. 

ofunuiium.  ^ 

1.  Pkmanate  of  potash — A  dark  red  brown  pfedpttHf^ 
•omewbat  aimilar  to  that  of  pmsBiate  of  copper* 

ft.  Gallic  add  or  infiinoii  of  galb-^y  if  liie  salt  oootni 
an  excess  of  nitrie  add ;  bnt  if  nevtisl,  die  ptwqs- 
tate  thrown  down  is  vexy  similar  to  that  produced  bj 
prussiate  of  potash. 

3,  Carbonate  of  soda   A  light  yellow  prccipitatej  redii- 

■olved  by  an  excess  of  the  carbonate ;  again  pttdftt- 
tated  on  beating  the  liquid. 

4.  Cknatie  aoda— A  yeOow  predpitale,  rediBBobed  I17  m 

exooMof  thealkalL  [Wat  ddf  owing  to  tbepiMioe 
of  carbonate  of  Mda  ?    Arfwedson  says  it  is  not  tt» 
dissolved  by  the  caustic  alkalies,  j 
5«  Caustic  ammonia—A  fine  lemon  yellow  pred|Mtatfi»»  not 
reditBolved  by  an  exoets  of  alkali. 

6.  Carbonate  of  ammonia— >  A  ydlow  predpilafee,  rediiiolfed 

by  an  excess  of  tbe  oaibopate :  sflkriSon,  lemon  pil- 
low. 

7.  Chromatc  oi  potash— A  fine  orange  precipitate  of  great 

intensity. 

8*.  Phosphate  of  soda — A  yellowish  white  precipitate. 
9*  Arseniate  of  aoda— A  white  precipitate,  wkh  a  d«iit 
ydOow  tinge. 
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1 1.  Tartrate  of  potash— 

12.  Oxalate  of  potash — 0« 

Arfwedson  says,  that  peroxide  of  uranium 
is  slightly  soluble  in  water.  fNot  having  been 
able  to  procure  the  oxide  in  a  separate  state,  I 
was  unable  to  determine  the  point  ^  but  1  ibund. 
it  impossible*  by  washing,  to  deprive  the  percar- 
bonate  of  uranium  of  the  property  of  giving  a 
greenish  yellow  colour  to  water :  hence»  I  con* 
ceive  thai  salt  to  be  slightly  soluble  in  water. 

3.  M.  Arfwedson  passed  a  current  of  dry  hy-  lieducuon 
drogen  gas  over  hot  protoxide  of  uranium,  and 
by  this  means  reduced  it  to  the  metallic  state. 
The  metal  thus  obtained  was  in  crystals,  having 
nearly  the  form  of  regular  octahedrons :  they  had  a 
stron  <j-  metallic  lustre  and  a  reddish  brown  colour. 

o 

This  metal  may  be  exposed  to  the  air  in  ordi- 
nary temperatures  without  alteration  ^  but  when 
heated,  it  undergoes  a  kind  of  combustion,  and 
is  converted  into  protoxide  of  uranium.  Arf- 
wedson made  two  experiments  to  detennine  how 

much  loss  protoxide  of  uranium  sustains  when 
converted  in  this  way  into  metalhc ,  uranium. 
He  found  that 

1-1S7  protoxide  lost  0*048 
I -466  0-052 

According  to  these  experiments,  100  i>arts  of 
uranium  combine,  in  order  to  be  converted  into 
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protoxide,  with  tfie  following  proportion  of  oxy* 
gen: 

By  first  experimenti  with  3-66812 
By  aeoond  experimenti  with  S^flSl 

Mm  3470815 

He  made  two  other  ex])eriinents,  the  reverbC  of 
the  preceding.  A  quantity  of  metallic  uranium 
was  exposed  to  a  red  heat  in  an  open  vessel :  by 
this  means  it  was  converted  into  protoxide,  aud 
the  increa^  of  weight  was.  determined.  These 
experiments  were  as  follows : 

(1.)  0*636  uranium  absorbed^  0*0936  oxygen. 
(2.)  1006         -        -  00375 

According  to  these  experiments^  100  uraniuiu, 
when  converted  into  protoxide,  combines  with 

By  first  experiment  9*69497  oxygen 

By  second  experiment      .  3u'2763 

Mean       .       .       •       3*71 130 
Meua  of  first  mC      .  3*670Sld 

Mean  of  the  whole    .  3*690757 

This  last  mean,  being  the  result  of  four  carefiil 
experiments  made  in  diflerent  ways,  maybe  con- 
sidered to  come  as  near  the  truth  as  can  be  ex- 
pected by  that  mode  of  experimenting.  Lei 
see  the  atomic  weight  of  uranium  whidi  results 
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from  this  number : — If  protoxide  of  uranium  be  a 
compound  of  1  atom  oxygen  and  1  atom  ura- 
nium, we  have 

a<Q90757  : 100 : :  1 :  87*095     atodiic  weight  of  oraniam. 

This  is  a  little  higher  than  26 — the  result 
which  I  obtained  from  the  analysis  of  the  triple 
salt  described  above.  If  be  the  true  atomic 
weight  of  uranium,  as  I  think  it  is,  then  100 
parts  of  this  metal,  when  converted  into  prot- 
oxide^ should  combine  with  d*846l  parts  of  oxy- 
gen, which  is  only  a  little  higher  than  Arfwed- 
son's  last  result.  Indeed,  I  conceive  it  to  be 
almost  impossible  to  come  to  the  exact  truth  by 
Arl'wedson's  methods.  I  have  repeated  tlie  vv  iiole 
of  bis  experiments  with  great  care  ;  but  my  re- 
sults difier  fully  as  much  from  each  other  as  the 
diiierence  between  S73  and  3*8^  :  and  some  of 
my  results  gave  the  quantity  of  oxygen  as  high 
as  3'84. 

4.  M.  Arfwedson  made  a  set  of  experiments  Arfwcd. 
likewise,  to  determine  the  quantity  of  oxygen  in  riments  to 
peroxide  of  uranium,  which  I  shall  state  before  fi'e''atom*of 
giving  an  account  of  those  which  I  myself  made 
with  the  same  object  in  view. 

(1.)  He  formed  uraniate  of  lead  by  mixing 
together  solutions  of  permuriate  of  uranium  and 
muriate  of  lead,  and  mixing  the  liquid  with 
caustic  ammonia.  A  yellow  precipitate  fell,  con- 
sisting of  the  two  oxides  chemically  combined. 

9 


Dig'itized  by  Goo^^Ic 


1^       U&AMIUM,  ANTIMONY,  CMEUMIUM, 

He  ibuod  by  samlym  that  Uus  salt  was  a  com- 
pound of 

Peroside  of  unuiiam  0*9912 
Prolozide  of  lead  1*3080 

2-3000 

When  2*3  parts  of  this  salt  in  an  anhydrous 
state  were  decomposed  by  hydrogen  gas,  the 
water  evolved  weighed  0*164,  containing  0*14577 
oxygen.  Now,  by  tliis  process,  both  the  oxides 
were  reduced  to  the  metallic  state :  1*3038  of 
protoxide  of  lead  contain  0*0935  oxygen,  which 
subtracted,  from  0*1^77  leaves  0*0522  for  the 
quantity  of  oxygen  contained  in  0*991^  per- 
oxide  of  uranium.  It  is  easy  from  these  data  to 
deduce  tiie  quantity  of  oxygeu  contained  in  100 
parts  of  peroxide-  of  uranium  : — it  is  obviously 
:j"^bi>J  parts.  So  that  peroxide  of  uranium  is 
composed,  according  to  this  experimenti  of 

Uranium        100  ' 
Oxygen  5'5&9 

Auotlier  experiment  was  made  with  another  por- 
tion of  uraniale  of  lead  composed  of 

Pteroxide  of  uranium  l-08ti725 
Protoxide  of  lead  01 7S275 

1^60000 

The  water  obtained  weighed  0*0785,  equivalent 
to         oxygen ;  of  this  oxygen  0-018977  be- 
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longed  to  the  protoxide  of  lead,  the  remainder, 
amounting  to  0-05749  existed  iii  the  peroxide  of 
unuiiam.   It  foUowa  fhini  theae  dala  that  the 

peroxide  of  uranium  is  a  coaipouiid  of 

Uranium  100 

Oxygen  5*5765  • 

  » 

The  mean  ot  these  two  results  givea  us  the  can- 
stituehfa  of  the  peroxide  aa  foUowa ; 

UnoiiiuD  100 
Oxygen  5*50775 

Now,  if  the  atomic  weight  of  uranium  be 

and  if  the  peroxide  be  a  compound  of  1  atom 
metal  and  S  atoms  oxygen,  its  '^constituents 
would  be 

Uranium  100 
Oxygen  7-6^2^ 

The  preceding  experiments  do  not  correspond 

with  tliis  supposition.  They  agree  more  nearly 
with'  the  notion  that  the  peroxide  of  uranium 
contains  li  atom  of  oxygen : — ^for  on  this  sup- 
position, its  constituents  would  be 

1  aim  unniuiD      8$      at  100 

1^  atom  oxygen       1-5     *  5*7^5 

«7'5 

This  aomewhat  aurpaasea  tlie  reault  .obtained  by 

Aiivvedsoii.  but  not  very  much. 
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(2.)  He  formed  uraniate  of  barytes  by  niiziog 
together  soJutioiia  of  permuriate  of  nramum  wai. 

muriate  of  barytes  I  caustic  aouuonia  being  added> 
the  uraniate  of  barytes  precifMtafeed*  It  was  has- 
tily washed  on  a  filter  with  boiling  water,  to  pre- 
vent the  precipitation  of  carbonate  of  barytes; 
it  was  then  dried  and  heated  to  redness,  to  ren- 
der  it  anhydrous.  Two  experiments  were  made 
with  two*  difierent  preparations  oi  uraniate  of 
barytes.   I  shall  state  the  results  of  each. 

First.  1*343  of  uraniate  of  baiytes  gave  0*095 
sulphate  of  baiytes,  equivalent  to  0*195  baiytes. 
The  protoxide  of  uranium  obtuned  firom  the 
same  salt  weighed  1-121  ^  now, 

Ftotodde  of  onauum  1*181 

1*316 

The  ditlerence  between  ]  -316  and  1-343  is  OO^, 
which  must  be  the  oxygen  driven  off  when  the 
peroxide  of  uianium  was  converted  into  protox- 
ide. But  M^l  :  0*0^  :  :  100  :  ^*40S5.  It 
appears  from  this  experiment  that  100  protoxide 
+  2*4085  oxygen  ~  102'4O85  peroxide. 

Second*  1*456  uraniate  of  barytes  gave  0*d64> 
sulphate  of  barj  tes,  c([uivaleiit  to  0-2 K)6  bary- 
tes, and  1'186  protoxide  of  uranium.  The 
difference  between  these  weights  united*  and 
that  of  the  uraniate  is  0-0^294,  which  must  be 
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Ae  oxygen  driven  off  when  the  peroxi^  of 

uranium  was  converted  into  protoxide*  NoWf 
1-186  :  (Hm4f :  i  liX> :  d«4789.  It  appears  from 

this  experiment  that  100  protoxide  +  2'4789  « 
102*4789  peroxide. 

The  mean  of  these  two  experiments  gives  ns 
peroxide  of  uranium  composed  of 

Protoxide  of  uraoium  100 
Oxygeii      •      .      •  2*4437 

Now,  if  the  protoxide  of  uranium  be  a  compound 
ok'  £G  uranium  4- 1  oxy^^D^  it  is  obvious  that  100 
parts  of  it  must  contain  96*^963  uranitun  and 

3*/ 0^7  oxygen  ^  and  peroxide  of  uranium  must 
be  a  compound  of 

Uranium        96-2963    or  100 
Oxygen  6*1474    -  6-3SS9 

10£*4487 

The  proportion  of  oxygen  in  the  peroxide  of 

uranium,  found  by  the  analysis  of  this  salt,  ex- 
ceeds considerably  that  obtained  from  the  aaflp 
lyaia  of  uraniate  of  lead*  Though  does  not 
amount  to  two  atoms,  it  exceeds  li  atom,  being 
very  nearly  If  atom. 

(d.)  M.  Arfwedion  analyzed  the  potash  sul- 
phate of  uraDium  in  the  following  manner :  2*172 
parts  of  tlie  anhydrous  salt  were  dissolved  in 
water,  and  precipitated  by  muriate  barytes. 
The  sulphate  of  barytes  obt^ed  weighed  1*814 
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parts,  equivalent  to  0*(il49  sulphuric  acid.  The 
filtered  Uquid  waa  mixed  with  caustic  ammonia 

to  get  nd  of  the  })croxidc  of  uranium  ;  sulphuric 
acid  was  then  added,  partly  to  separate  any  ba: 
rytes  which  it  might  contain,  and  partly  to  sa- 
turate the  potash.  The  liquid  was  tlien  evapo- 
rated to  dryness,  and  heijog  heated  to  redness 
to  drive  off  the  ammoniacal  salt,  there  remained 
0'533  parts  of  pure  sulphate  of  potash, '  equiva- 
lent to  0'£907  potash.  Thus  he  obtained  the 
sulphuric  acid  and  the  potash  in  the  salt,  and  he 
concluded  that  the  deficit  of  weight  was  peroxide 
of  uranium.  The  conatituenta  of  the  salt  then  are 

Sulphuric  add  0*6l49   or  9St$ll 

PoCaah  0-S907   -  ia-3S4 

Peraadde  of  inaiiiiiiii      1*S($64    -  58*805 

S-lTieo  100 

Now,  1S*384  potash  are  saturated  by  11'158  of 
sulphuric  acid.  There  remain  17*1^^  of  sul- 
phuric acid,  which  in  the  salt  must  have  beet 
united  witli  of  peroxide  of  uranium. 

M.  Arfwedson  having  obtained  this  result, 
cakulates  the  quantity  of  oxygen  in  the  5S'S05 
parts  oi  peroxide  of  uranium  from  a  otuioii  of 
Berzelius  namely,  that  ]  00  parts  of  sulphuric 
acid  saturate  a  quasitity  of  basis  containing  90 
parts  of  oxygen.  From  this  canon  it  is  obvioufli 
that  17*ld8  parts  cf  sulphuric  acid  must  saturate 
a  quantity  of  basis  containing  3-431G  oxygen. 

16  * 
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TUs  would  gi?e  us  peroiide  of  tuwium  oom* 

posaii  of 

UnBimD    54pa7S4  or  100 

Oxygon        3-^3l6     •  &'^54! 

But  this  canon  of  Berzelius  is  correct  only 
when  the  basis  is  aprotoxide,  and  when  the 
salt  is  neotralf  or  a  compound  of  1  atom  sulphu- 
ric acid  and  1  atom  base ;  for  sulphuric  acid  is 
capable  of  combimiig  with  bases  in  various  pro^ 
portions.  Sometinies  1  atom  of  the  base  unites 
with  2  atoms  of  sulphuric  acid.  Bisulphate  of 
potash  18  a  salt  of  this  kind*  In  it  the  potash* 
combined  widi  a  100  parts  of  the  acid,  contains 
only  10  parts  of  oxygen  instead  of  Some- 
times U  atom  of  sulphuric  add  combines  with 

1  atom  of  base  ;  such  combinations  I  distinguish 
by  the  name  ot  ses  quisulphates.— The  sesquisul. 
pbate  of  potash  (did  it  exist)  would  be  a  com- 
pound of  such  a  nature,  that  the  oxygen  in  the 
potash,  combined  with  100  sulphuric  acid,  would 
contttn  onljr  15  parts  of  oxygea. 

As  peroxide  of  uranium  contams  ceitaiuiy 
more  ffaan  I  atom  of  oxygen,  the  canon  of  Ber- 
zelius cannot  apply  to  it.  As  the  triple  salt,  ana- 
lyzed by  Aifwedson,  reddens  vegetable  blues 
even  after  having  been  fused*  there  is  a  pre- 
sumption that  it  contains  more  than  i  atom  of 
sulphuric  acid  united  with  1  atom  ut  peroxide  of 

Vn,  II.  B 
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umirium*   I  shall  show  imoiediately  diat  it  coa^ 

tains  li  atom  of  sulphuric  acid  united  to  1  atom 
of  peroxide  of  uranium.  Let  us  see,  therefore, 
what  the  atomic  weight  of  peroxide  of  uranium 
will  be,  if  we  consider  17-158  as  representing  U 
atom  of  sulphuric  add,  and  58*305  as  represent 
•  ing  1  atom  of  peroxide  of  uranium.  It  h  oh» 
vious,  that  two-thirds  of  17*158  or  11"439  must 
in  that  case  represent  1  atom  of  sulphttric  acid. 
Now,  11-1^39  :  58-30,5  :  :  5  :  ^25-4.8(5  =  atomic 
weight  of  peroxide  of  uranium.  This  is  soaie^ 
what  under  the  truth,  as  will  appear  smmediste* 
]y  5  though  it  would  have  been  very  difficult  to 
have  come  nearer  by  Arfwedson'a  method  of 
analysis ;  for  a  portion  of  the  peroxide  of  nn^ 
nium  precipitates  with  tiie  sulphate  of  barytes. 
This  caused  him  to  overrate  the  quantity  of  td^ 
phuric  add,  and  consequently  to  underrate,  by 
at  least  as  much,  the  peroxide  of  uranium  in  the 
salt 

5.  I  shall  now  relate  the  experiments  which  1 
made  on  tliis  salt. 
The  peroxide  of  uranium  which  I  emploj^ 
J^^^  to  prepare  it  was  in  the  state  of  carbonate.  It 
urnnt.nn  by  had  bccu  throwu  down  from  nitric  add  by  car- 
'  bonate  of  ammonia,-  and  I  could  not  discover 
any  ammonia  in  it,  either  by  the  smell  or  by  aiiy 
other  reagent,  when  it  was  digested  with  caiMtic 
pottth*  Its  constituents,  by  the  most  careful  ana- 
lysis of  it  which  I  could  make,  appeared  to  be 

is 
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1  atam  aaAtoaie  wM  2*75 

1  atom  pcroxiile  of  uranium  28  00 
1  atom  water  .       .  1-125 

31*875 

I  took  31 875  grains  of  this  carbonate  (equtva- 
lent  to  10  atoms  peroxide  of  uranium)  and 
poured  oyei  it  IS3'75  grains  of  sulphuric  acid  of 
the  specific  gravity  1*847  (equivalent  to  30 
atoms  acid)  and  a  considerable  quantity  of 
water,  and  digested  the  mixture  on  the  sand 
bath  tilt  a  complete  solution  was  obtained.  I 
thus  employed  twice  as  much  acid  as  the  re- 
quisite quantity.   The  reason  was,  that  the  so- 
lution goes  on  very  slowly  unless  there  be  an 
excess  of  acid.    To  this  solution  I  added  110 
grains  of  sulphate  of  potash  (equivalent  to  10 
atoms  of  the  salt)  previously  dissolved  in  water, 
and  evaporated  the  mixture.    The  triple  sul- 
phate was  deposited  to  the  veiy  last  from  this 
solution  n  a  state  of  purity,  without  any.  crystals 
of  sulphate  of  potash  ever  appearing,  showing 
clearly  that  in  the  triple  salt  there  exists  just  an 
atom  of  each  basis.    Wlicn  tlie  liquid  was  re- 
duced to  a  very  small  quantity,  1  was  obUged  to 
employ  a  higher  temperature  to  continue  the 
evapoiatiou.    The  consequence  was,  tiiat  at  last 
the  salt  began  to  acquire  a  gfeenisb  tinge*  This 
efl^t  w^  doubtless  owing  to  the  redundant  sul- 
phuric acid  present.  On  account  uf  this  change, 

U2 
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the  40  or  50  gmns  of  the  mlt»  obtained  at 

the  end  of  the  process,  were  not  employed  in  the 
e3q>erimeDts  to  be  immediately  described. 

The  salt  thus  obtained  was  redissolved,  and 
evaporated  a  second  time.  It  was  obtained 
partly  in  the  state  of  small  crystalline  gnuii8»  and 
partly  in  hard  globular  crystals,  composed  of 
small  needles  diverging  from  a  centre ;  but  the 
form  of  the  crystals  was  too  irregular  to  be  de- 
termined. This  salt  has  a  most  beautiful  lemon 
yellow  colour.  Its  taste  is  very  astringent,  like 
that  of  all  the  salts  of  uranium  $  but  it  leaves 
likewise  an  impression  of  bitterness. 

(It)  51  grains  of  these  crystals  were  exposed 
to  a  pretty  strong  heat  (but  not  quite  red  beat) 
in  a  platinum  crucible.  The  process  was  stapped 
when  fusion  seemed  to  be  beginning— the  reason 
of  this  was,  that  in  some  j^ievious  trials  I  had 
found  that  if  the  salt  had  been  exposed  to  a 
strong  red  heat»  and  had  been  completely  fosedt 
it  was  not  afterwards  altogether  soluble  in  water. 
The  loss  of  weight  by  this  r^ulated  heat  was 
exactly  4*5  grains,  which  is  equivalent  to  4 
atoms  watery  iirom  this  experiment  it  follows, 
that  51  parts  of  the  triple  salt  contain  4r  atoms 
of  water. 

(^•)  51  grains  of  the  crystals  of  the  same  salt 
were  dissolved  in  water,  and  the  solution  was 

mixed  with  a  solution  of  33'!^  grains  of  chlo- 
ride of  barium.    A  double  decomposition  took 


Dig'itized  by  Google 

I 


URANIUM. 


21 


places  and  after  the  sulphate  of  barytes  had 
predpitatedi  the  clear  liquki  wns  tested  with  ^au^ 
ber  salt  and  with  muriate  of  barytes,  but  did  not 
become  in  the  least  muddy  by  the  addition  of 
dther,  showing  diat  it  contained  no  sensible 
quantity  of  barytes  or  sulphuric  acid ;  but 
d9*lM  »  19*M  X  Ckmsequently,  61  grains 
oi  the  salt  contain  1^5  grains  <^  sulphuric  add, 
which  is  equivalent  to  ti^  atoms  of  tliat  acid 

51  grwns  of  crystallized  salt  were  dis- 
solved in  water,  and  mixed  with  an  excess  of 
ammonia,  which  precipitated  the  peroxide  of 
uranium  in  yellow  flocks»   The  whole  was 
tliiown  upon  a  filter,  and  the  peroxide  was 
washed  repeatedly  with  caustic  ammonia,  till  it 
was  judged  to  be  freed  completely  from  all  ad- 
mixture of  sulphate  of  potash.    This  method 
was  employed,  because  it  was  found,  that  when 
pure  water  was  used  to  wash  the  peroxide  of 
uranium,  a  poition  of  it  was  redissoived.  The 
liquid  which  passed  through  the  filter  was  eva- 
porated to  dryness  in  u  platinum  vessel,  and  then 
the  whole  was  heated  to  redness  to  expel  ail  the 
ammoniacal  salt :  the  residual  salt  was  white,  vrith 
a  scarcely  perceptible  sliade  of  yellow  ;  it  weighed 
11*£  grains.   Being  redissolved  in  water  and 
mixed  with  ammonia,  a  few  yellow  flocks  were 
precipitated,  whicli  being  collected  on  a  filter 
and  dried,  weighed*  as  nearly  as  could  be  deter- 
mined, exactly  0*2  grain :  the  salt  possessed  the 
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character  of  pure  sulphate  of  potash.  Thus  it 
appears,  that  ^1  grains  the  crystallized  com- 
pound  salt  contain  exactly  11  gratns.of  sulphate 

of  pota^li. 

(4.)  I  did  not  attempt  to  determine  the  weigjbt 
of  the  peroxide  of  uranium*  As  it  was  precipi- 
tated it  contained  a  quantity  of  ammonia  uuited 
to  it   By  exposure  to  a  heat,  very  nearly  but 

not  quite  so  high  as  a  red  heat,  I  drove  off  most 
of  the  ammonia,  if  not  the  whole  of  it ;  by  which 
the  peroxide  was  deprived  of  its  yellow  coloiUt 
and  assumed  a  fine  red  with  a  sliade  of  brown ; 
and  31*8  grains,  by  ,  this  treatment,  were  reduced 
to  28  grains.  Hence,  I  consider  the  yellow  pre- 
cipitate as  a  compound  of 

1  atom  pernide  of  immittiD  28 

1  atom  ammonia        .      .  2*125 
li  atom  water  .      .  16875 

The  matter  driven  off  consisted  partly  of  am* 

monia  and  partly  of  water  j  but  it  would  have 
been  difficult  to  have  determined  the  proportions 
ofeach,  ' 

(5.)  From  the  above  analysis,  which  was  made 
with  the  most  scrupulous  care,  it  follows,  thst 

51  grains  oi"  the  crystallized  compound  salt 
.of  uranium  contained  the  tbllowing  constitu- 
ents; 
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4  atoms  water  4*5 

1^  atom  sulphuric  acid    .  7'5 

1  atom  sulj^hatc  of  potasii  1 1 


23-0 
£8 

51 


This  deficiency  must  consist  of  peroxide  of  ura- 
nium ;  consequently^  ^  must  represent  the 

weight  of  an  atom  of  peroxide  oi  uraiuum  j  and 
the  compound  salt  must  consist  of 


S5%5 


1  aloni  setqinsiilplute  J 1^  atom  add  7*^7 
aimtamm         ll  atom  oddt  SS.  i 

1  atmn  sulphate  of  potash          .       .  11 

4  atoms  water           •       .       .       .  4*5 


51 

&  The  combination  of  nitric  acid  and  perox-  Anaiysi.  of 
ide  of  uianium  crystallizes  very  easily  in  large  nteijwrf 
flat  ibur-sided  rectangular  prisms.  Its  co- 
knur  k  a  fine  lemon  yeUaw-Hits  taste  is  astrin- 
gent and  acid,  and  it  reddens  vegetable  blues, 
even  a/tler.  having  been  three  tim^s.  dissolved  in 
pure  water  and  crystallized— it  is  exceedingly 
soiluble  botli  in  water  and  alcQhol — ^it  melts  in  its 
water  of  crystalliaation  when  exposed  to  a  mo- 
derate heat 

.(^♦):^7*^  grains  of  the  crystals  of  this  salt 
were  gnulually  heated  in  a  platinum  crucible  till 
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the  whole  water  and  acid  were  driven  off,  and  till 
the  uranium  was  reduced  to  the  state  ot  protoxide. 
It  now  weighed  9^  grains,  which,  from  what  has 
been  already  stated,  is  equivalent  to  28  grains  ot 
peroxide. 

(2.)  57'£5  grains  of  the  crystals  of  the  same 
salt  were  dissolved  in  water,  and  the  solu- 
tion being  mixed  with  about  dO  grains  of  car- 
bonate  of  barytes,  was  digested  in  a  retort  till 
it  had  become  perfectly  colourless  :  the  whole  was 
then  thrown  cm  a  filter,  which  retained  a  yellow 
powder,  consisting  of  the  peroxide  of  uranium 
and  the  bazytes,  partly  combined  and  pavtly 
mixed.  The  liquid  being  evaporated  to  dryness 
left  S4«*5  grains  of  nitrate  of  barytes,  equivalent 
to  10*0^  grains  of  nitric  acid.  This  is  less  than 
li  atom  of  nitric  add  by  0*1  grain,  osr  almost 
exactly  one  per  cent  The  reason  of  this  defi- 
ciency 1  found  (after  some  trouble)  to  be  owing 
to  the  filter  employed  containing  some  sulphate 
of  lime,  which  decomposed  a  little  of  the  nitrate 
of  barytes;  for  I  found  distinct  tiwes  of  Uhm  in 
the  filtered  liquid,  though  neither  tlie  carbonate 
of  barytes  nor  the  salt  of  uranium  csiitained  a 
particle  of  that  earth.  It  is  evident,  then,  thtft 
57*^  grains  of  the  crystallized  nitrate  of  urani- 
um contain  lO-l^  grains  of  nitric  add,  eqm^ 
lent  to  l  i  atom  of  acid. 

(3.)  The  remainder  wanting  to  Hiake  up  the 
original  weight  of  the  crystals,  amoonting  10 
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19'125  grains,  must  be  the  iimoimt  of  the  water 
of  crystallization.  It  is  equivalent  to  17  atoms 
of  water. 

From  the  above  analysis,  which  was  very  care- 
fully coaducted»  it  appears,  that  the  salt  is  a 
sesquinitrate  composed  of 

ft 

li  atom  nitric  acid  .  10125 
1  atom  peroxide  of  uranium  28-000 
17  atoms  water  19-125 

57*25 

7.  When  the  pernitrate  of  uranium  is  exposed  to 
beatf  it  gives  out  water  and  nitric  add^  and  loses 
the  properly  of  dissolving  in  water*   In  this  state 

it  is  probably  a  neutral  pernitrate ;  but  my  ana- 
lysis of  it  was  not  sncoessful^ 

8.  Sesquisulphate  of  uranium.  To  form  this  salt  Analysis  ©r 

*  *  sesquisul- 

I  digested  percarbonate  of  uranium  in  dilute  sul-  pb«tfi  of 
phuric  acid  for  ikiofo  than  a  fortnigbti  till  the"^"^ 
acid  would  dissolve  no  more  of  tlie  oxide.  The 
yellow  solution^  thus  formed,  was  evaporated  to 
dryness  by  a  gentle  heat:  the  saline  residue  was 
redissolved  in  water,  and  the  solution  evaporated 
a  second  time  to  dryness  in  a  temperatuie  rather 
above  f  and  kept  in  that  temperature  till  the 
yellow  residue  was  reduced  to  the  state  of  a  yel- 
low powder.  No  appearance  of  crystala  conld 

be  })eiceived  during  the  evaporation  ;  but  if  a 
portion  of  sulphuric  acid  be  added  to  the  liijuidt 
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md  we  evaporate  cautioualy  to  dryoeas^  the  dry 

mass  appears  a  congeries  of  small  and  ili-defined 
prisms. 

The  dry  sulphate  of  uranium,  thus  formed, 

had  a  tine  deep  yellow  colour  and  an  aistringent 
taste.  It  strongly  reddened  vegetable  blues. 
This  salt  was  analyzed  in  the  following  man- 
ner : 

(1.)  36*8  grains  of  it  were  disaolved  in  distilled 
water:  several  yellow  flocks  remained  undis- 
solved—these  being  collected  and  dried  wei'e 
found  to  weigh  0*6  gram.  Hence^  the  portioa 
of  the  salt  dissolved  was  36*^  graina; 

(2.)  The  aqueous  solution  was  precipitated  by 
ammonia*  The  ydlow  precipitate  hetng  ooUected 

on  a  filter,  and  washed  with  water  containing  a 
little  ammonia,  and  then  dded»  was  iouod  to 
'  weigh  d8*2  grains.  This  tnalter  being  exposed 
to  a  strong  red  heat  in  a  platinum  crucible,  was 
reduced  to  protoxide  of  uranium,  atid  weighed 
9^*434  grains ;  equivalent  to  £5*339  gi^ains  of 
peroxide  of  uranium. 

(3.)  The  liquid,  thus  freed  from  uraniumf  was 
supersaturated  by  nitric  acid  and  precipitated  by 
muriate  of  barytes*  The  sulphate  of  barytes 
precipitated,  being  washed,  dried,  and  heated  to 
redness,  weighed  QS'CyJ  graius,  etj^iuvalent  toS'OS 
grains  ot  sulphuric  acid, 

(4.)  From  the  preceding  experimmits  it  follows 
that  the  coustitueuts  oi  the  salt  are 


Dig'itized  by  Google 


UEANIUM.  117 

Mpiitinc  a*id  a<MO 
Peroxide  of  nnttuum  %6^88g 

.WaU;r         .        .  3-74G 


This  18  equiralent  to 

Sulphuric  acid  8*8f)2 
Peraxide  of  uranium  28-000 

8*862  approaches  nearest  to  li  atom  oi  suipku- 
lie  add  which  weigh  7*5  ^  and  4*13  comes  Dear- 
est to  1%5  which  is  h  atoms  of  water.  Hence,  it 
is  probable  that  the  salt  is  a  sesquisulpbate  of 
luanium  mixed  with  a  little  biaidpfaate ;  and  we 
may  iiiier  that  tlie  sesquisulpbate  of  uranium, 
supposing  it  pure  and  dried  till  it  faUs  to  pow- 
dav  is-a  compound  of 

w  I 

1|  atoni  anlphttric  add  7*5 
1  atom  peroxtdo  of  uratuum  28 
4  atoms  water  4*5 

40 

I  repeated  this  analysis  sevefal  times  witli  suU 

phatc  of  uranium  prepared  hi  different  ways,  and 
exposed  to  as  high  a  temperature  as  it  could 
bear  without  acquiring  a  green  tinge.  Once  I 
obtained  a  persesquisuiphate  of  uranium,  com- 
posed of  . 
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1^  atom  nlphnric  add  7*5 
1  stem  peraocideof  tmuMOin  ftB 

S5»5 

But  in  general  the  sulphuric  acid  was  an  in- 
termediate quantity  between  7*5  and  8*8;  I 
never  came  neam  10  than  in  die  analysis  just 
given. 

I  conclude  ttom  these  experiments^  that  sul* 

phuric  acid  and  peroxide  of  uranium  are  capable 
af  uuitiog  in  two  proportions,  forming  a  bisul* 
phate  and  a  sesquisulphate ;  and  that  in  general, 

both  of  these  siilts  are  mixed  together. 

AnAlvsis  of 

9*  Peroxalate  ot  uranium.   I  dissolved  27 
^Ji^^^^  grains  of  the  crystals  of  oxalic  add  in  water,  and 

digested  the  solution  over  12J*5  grains  of  per- 

carbonate  of  uranium,  till  die  liquid  refused  to 
dissolve  any  more.  The  undissolved  portion  be- 
ing separated,  dried,  and  weighed,  was  found  to 
amount  to  887  grains.  Hence,  the  portion  tli^ 
solved  weighed  43-8  grains. 

Twenty-seven  grains  of  crystallized  oxalic  acid 
contain  18*5  grains  of  oxalic  acid,  equivalent  to 
3  atoms  of  that  acid.  1'27'5  grains  of  percarbo- 
nate  of  uranium  contain  84  graiw  peroxide  of 
uraniom,  likewise  equivalent  to  8  atoms.  Now, 
4i8*8  is  very  nearly  the  third  of  12J*5  j  hence,  it 

is  obvious,  that  die  solution  was  a  teioxabte  of 
uramiun,  or  a  compound  of 
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3  atonis  oxalic  acid  13*5 
1  atom  iMTOKide  of  uraQium  ii$ 

41-5 

Xfaa  solution  being  evaporated  let  iiill  yellow 
erasti  of  the  oxalate*  which  had  little  taste^  and 

were  scarcely  soiubie  iii  cold  water.    But  they  , 
ifasolved  in  hot  water  i  the  solution  had  an  aa* 
tringent  taste,  and  reddened  v^etable  blues. 

10.  Uraniate  o(  potash.  Ariwedsoa  having  ^ 
shown  that  peroxide  of  umnium  posaesses  IhepomrfL 

properties  of  an  acid,  I  wished  to  sec  whether  1 
could  ibrm  a  definite  compound  of  this  oxide 
and  potash*  For  this  purpose  I  digested  oq  the 
sand  batli  a  quantity  of  percarbouate  of  umniom 
in  a  pretty  strong  solution  of  caustic  potash; 
the  yellow  colour  of  the  powder  was  speedily 
changed  uito  a  deep  orange,  bordering  on  red, 
and  its  volume  diminished*  The  caustic  potash 
was  poured  off  after  two  hours'  digestion,  and  a 
fresh  portion  poured  on^  which  was  allowed  to 
digest  on  the  powder  for  twenty-four  hours* 

The  uiaiiiate  was  then  collected  on  a  filter, 
waslied,  and  dried  in  a  low  heat*  I  now  exsi- 
mined  it  in  the  following  manner* 

(1.)  Nineteen  grains  oi'  it  were  dissolved  in 
nitric  acid  in  a  balanced  glass  vessel*  There 
was  a  slight  eflfervcacence,  and  the  loss  of  weight 
amounted  to  0*3  grain ;  tins  loi^  was  occasioned 
by  the  escape  of  some  carbonic  acid  gas* 
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(2.)  The  nitric  add  solution  was  evaporated 
to  dryness,  to  get  rid  of  tlie  excess  of  acid — ^tbe 
diy  mass  re-dissolved  in  water,  and  precipitated 
by  ammonia.  The  precipitate,  which  was 
orange,  being  collected  on  tlie  filter,  washed, 
and  dried*  weighed  16*5  grains.  Being  exposed 
to  a  red  heat,  it  was  reduced  to  protoxide  of 
uranium^  and  weighed  14*04  grains ;  eqiuvaieat 
to  14*54  grains  of  peroxide  of  uranium. 

(3.)  The  residual  liquid  was  evaporated  to 
dryness  in  a  platinum  cup,  and  exposed  to  a 
heat  gradually  raised  nearly  to  redness.  The 
nitrate  of  ammonia  was  decomposed  and  driven 

and  there  remained  ^7  grains  of  nitrate  of 
potash,  equivalent  to  1-S23  grain  of  potash. 
(4.)  Thus  the  constituents  of  the  salt  were 

Peroxide  of  uraniuni  14*54 

Potash       .       ,  .  1-22.9 

Carbooic  acid     •  .       O  SOO 

Water       .      .  ,  8.937 

The  carbonic  acid  was  no  doubt  combined  with 
a  portion  of  the  peroxide  of  uranium,  showing 
that  the  carbonate  had  not  been  completely  de- 
composed. If  we  subtract  tlie.  portion  of  per- 
carbonate,  amounting  to  mther  less  than  6i 
grains,  we  shall  find  that  the  uramate  oi'  poU^ih 
is  a  compound  of 
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8  atoms  pettnddt  of  onmion 

1  atom  potash  .  . 

3  atoms  water 


66 
6 


3-375 


65-375 


The  preceding  details  contain  the  most  satis- 
factory of  the  experiments  which  I  made  upoa 
this  very  difficult  metaL  I  consider  them  my- 
self as  proving  that  the  atomic  weight  of  uran- 
ium k  that  its  protoxide  weighs  ^»  and 
contains  1  atom  of  oxygen ;  while  its  peroxide 
contains  2  atoms  of  oxygen  and  weighs  28,  But 
some  time  after  these  experiments  of  mine  had 
been  oondudedy  I  had  an  oppartunitr  of  seeing 
a  paper  on  the  Oxide,  of  Uranium  and  its  Com- 
pounds, by  Professor  BerzeUus»  which  that  ex-  ^^^^ 
cellent  chemist  has  inserted  in  the  Memoirs  of  BerwHaff 
the  Stockholm  Academy  ibr  i8£d*  Berzelius  IS  oxides  of 
of  Opinion  that  the  oxygen  in  the  protoxide  of 
uranium  is  to  that  in  the  peroxides  as  2  : 3.  But 
I  have  not  been  able  to  perceive  any  tiling  in  liis 
experiments  from  which  this  inference  can  be 
legitimately  drawn,  lie  analyzed  three  salts  of 
uranium  ^  namely^  potash  sulphate  of  uranium, 
potssh  muriate  uranium^  and  oxalate  of  ura- 
Tiiutn.  I  ^ail  here  state  the  results  of  these 
analyses. 

(1.)  The  constituents  of  pota8h*8ulpfaate  of 

uranium  he  found  as  follows : 
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MpliMte  Aoid  9&9S% 

Peroxide  of  uniiiuiii  B9*SS$ 
Potach  • 

Water          .       .  3-500 


100-000 

The  reader  will  be  better  able  to  form  an  es- 
timate of  the  constituents  of  this  salt  if  I  state 

them  iu  atomic  proportions : 

2 1  atoina  sulphuric  acid       12-5  4"  I'S 
1  atom  peroxidi9  of  luramum  2S 

1  fUom  potash     .      .        6  4-  2*308 

I  atom  water     ,  +  0*699 

Or  we  may  state  the  constituents  this  way  x— 

1  atom  sulphate  of  potash      .  II 

1  atom  sesqui sulphate  oi  uramum  35-5 
1  atc»iu  water        .       •  • 
fixcaes  of  mlphuric  add       •  . 
—    potadi               •  ^-SOS 
■    water  0*699 


The  weight  of  the  integrant  particle  oi  the  salt 
is  not  mucii  higher  than  I  found  it»  but  instead 
of  the  4  atoms  of  water  which  I  found,  there  is  a 
surplus  oi  potasii  and  sulphuric  acid^  and  not  m 
such  proportions  that  they  saturate  each  o(k«r» 
It  is  quite  obviuus,  that  this  salt  as  it  was 
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examined  by  Berzelius,  wm  not  a  pure  chemical 
conipouDd  of  sulphate  of  uranium  and  sulphate 
of  potash,  but  contained  an  excess  of  one 

them  mechanically  mixed  :  this  indeed  Berzelius 
admits.  Consequently,  no  inference  can  be 
drawn  from  the  analysis  just  stated. 

(^.)  The  potiish-muriate  of  uranium  was  pre- 
pared by  dissolving  muriate  of  potash  in  an  ex- 
cess of  permuriate  of  uranium,  and  allowing  the 
salt  to  shoot  spontaneously  into  crystals*  The 
crystab  were  four<4ided  oblique  prisms,  or  rhom- 
boidal  tables.  The  salt  was  previously  dried 
in  the  temperature  of  131°.  From  1*5  gramme 
of  this  salt,  he  got  1*61  gramme  of*  fused  chlo- 
ride of  silver,  equivalent  to  0*108  umnatic  acid. 
The  protoxide  of  uranium  was  0*8^,  equivalent 
to  0*85  peroxide  of  uranium,  and  the  muriate  of 
potash  waji  0'412  gramme,  equivalent  to  iJ-'2ikH 
potash.  Accordmg  to  this  analysis  the  consti- 
tuents of  the  salt  are 

Muriatic  acid  .  0-40K0  or  26-874 
Peroxide  of  aranium  0*8500  -  55*987 
Flolath      •      /     0*8602    -  17139 

I-SlSa  1(XH)00 

Though  Berzelius  himself,  owing  to  some  inad- 
vertancy,  has  stated  the  constitueuts  oi  tins  salt 
lobe 
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MurMs  noid'  0*9075 

Peroxide  of  onmium  0'8346 

Potash  0>S6o6 

Water         •       .  00973 

I 

I  examined  this  salt  with  a  good  deal  ot  care» 
and  though,  owing  to  an  accident,  I  cannot  state 

the  icjjult  of  my  analysis,  yet  I  satisiiccl  myself 
that  it  exactly  resembled  the  potash-sulpliate  of 
uranium  in  its  constitution,  that  is  to  say,  that  it 
was  a  compound  of  1  atom  muriate  of  polasi), 
and  1  atom  of  sesquimuriate  of  uranium,  and 
without  any  sensible  portion  of  water.  Now, 
the  preceding  analysis  ot  Beizelius  comes  ex- 
ceedingly near  mine,  as  will  be  evident  from  the 
fbllowinG;  observations.  The  muriatic  ncid  united 
to  0-2602  potash^  must  have  been  0-20067  for 

^  (the  atom  of  potaeli)  :  4*^5  (the  atom  of  muiietic  atid) 
: :  0^608  :  0*20057.  • 

Consequently,  there  remains  0*90743  muriatic 
acid  to  saturate  0'8J  peroxide  of  uranium.  Now, 
if  muriatic  acid  be  to  the  oxide  in  the  proportion 
of  1}  atom  to  1  atom,  an  atom  of  peroxide  cS 

uranmm  will  weigh  2S'i>3  j  for 

0*20743  :  0*85  : :  6*937^  (1^  atom  mnriatic  add) :  Sa*43. 

< 

I  consider  the  analysis  of  Berzelius,  therefore,  to 
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be  a  corroboration  of  my  previous  experiments. 
The  slight  excess  0-4<3  (little  more  than  one  per 
cent)  might  be  owing  to  the  protoxide  of  ura- 
nium not  having  been  absolutely  free  from 
foreign  matter ;  and  the  slight  excess  of  weight 
in  Berzelius'  numbers  above  the  weight  of  the 
salt  employed,  rather  confirms  this  view  of  the 
matter.  I  think  it  therefore  certain,  that  the 
true  constituticm  of  potash-muriate  of  uranium  is 

1  atom  sesquimui'iate  of  uruiiuin  34>-9375 
1  aUnh  muriate  of  potash      «  10*625 

But  the  salt  t'ormed  by  Beizelius  contained  an 
excess  ot  muriate  qt  potash  amounting  nearly  to 
a  fourth  part 

(3.)  Peroxalate  of  uranium  was  also  analyzed 
by  Benselius.  He  does  not  inform'  us  of  the 
method  he  employed  to  prepare  it;  but  from 
tiie  result  of  his  analysis  it  is  evident  that  it  con- 
tained just  twice  as  much  peroxide  of  uranium 
as  my  oxalate  did.  A  quantity  of  this  salt  [)re- 
viously  well  dried  was  subjected  to  distillation  in 
a  small  retort  From  $'67  grammes  of  the  salt 
he  obtained  0*3«33  gramme  water,  0%383a  gramme 
carbonic  8cid»  and  1*7335  gramme  uranium  in 
the  metallic  state,  equivalent  to  1*8668  peroxide 
of  uranium.  HencCj,  the  constituents  of  this  salt 
must  have  been 

cs 
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Peroxide  of  ttrttiiimi  1-0666 
Ozdieaeid  0<450e 

Water        .       .  0-3530 

2-6700 

» 

Now,  this  is  equivalent  to 

1^  atom  oxalic  add  6*75 
1  atom  peroxide  of  nranium  2S  27*985 

£i  atoms  water  S*8125  2*6428 

- 

37-5625 

Thus,  the  result  of  this  analy  sis  correspoiuls  also 
exceedingly  nearly  with  mine.  The  atom  ^ 
peroxide  firoin  this  salt  falls  short  of  IK  a  ray 
little ;  wliiic  the  numbei;  from  the  muriate  gaife 
a  result  a  little  higher  than 

(4.)  Berzelios  likewise  formed  tiraniate  of 
barytes  by  precipitating  a  solution  of  pemitrate 
of  uranium  with  bary  tes  water,  and  bcnluig  the 
precipitate  in  water  till  all  the  soluble  barylcs 
was  removed.  ^^IM  grammes  of  this  uraniate 
previously  heated  to  redness  gave  0-451  of  ba^ 
rytcs,  and  1'677  of  })eioxide  of  uranium.  These 
determinations  are  merely  given  by  Berzeiius, 
without  stating  the  weight  of  the  sulphate  of 
barytes  and  protoxide  of  uranium,  iioni  which 
they  were  derived.  This  puts  it  out  of  my 
power  to  apply  any  correction  to  them.  Ao 
cording  to  this  statement,  uraniate  of  barytes  is 
composed  of 
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Peroxide  of  oranium     1-677    or  36-254 
Barytes        .       .       0^51    -  9-75 

I  suspect  that  the  quantity  of  peroxide  of  ura- 
Dium  lias  been  underrated  ia  Berzelius*  calculi* 
tioD,  and  that  the  tiraniate  of  barytes,  when 

puiUy     a  ses^ui*uraniate  composed  of 

1^  atom  pmocide  of  mmmtioi  4& 
1  atom  biijtes  .  9*7^ 

.Either  this  suppositton  is  the  true  <me^  or  the 

salt  contained  a  slight  excess  of  barytes,  owing  to 
the  diiiiculty  of  washing  it  thoroughly:  this  last 
is  the  notion  which  Berzdius  entertains.  The 
composition  of  tlie  salt  may  be  stated  thus  : 

1^  atotn  pOTonMo  of  miBifmn  49 

1  atom  barjtes       .  .       9*75  +  1*546 

If  this  statement  be  correct*  there  was  an  excess 
c<f  1»546  barytes,  or  ahnost  ith  of  the  whole  ba- 
rytes. 

(5.)  Berzeliiis  has  likewise  given  us  an  analysis 
of  uranmicafrom  Autun,  well  known  ibr  its  beau- 
tifiil  yellow  colour.   He  found  its  constituents 

as  follows : 

PhoqpbQrte  add  14 

Peraodde  of  uranium  56*613 

Lime          .       •  •  5*4l6 

Water        .      ,  .  14-250 


90*479 

cs 
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*  Now,  if  we  consider  it  as  composed  of 

4  atoms  phosphoric  add  14 

2  atoms  peroxide  of  uranium  56 
1^  atom  lime        .  5*25 

13  atoms  water       .      .  13*5 


88-75 

we  have  almost  the  identical  numbers  of  Berze* 

lius.  We  may,  therefore,  represent  the  constitu- 
tion of  uranmica  in  this  way : 

a  jjtoms  sesqui phosphate  of  uraniunj  b(j\j 
1  atom  subsesquiphuspbate  of  lime  8*75 

12  atoms  water        .       •       •  13*5 

« 


88-75 

«  « 

The  green  uratunica,  from  Gunnis  Lake  min^ 
in  Cornwall,  had  been  shown,  hy  Mr.  Richard 

Phillips,  to  contain  phosphoric  acid.  Tiiis  in- 
duced Berzelius  to  anpdyze  it»  and  the  result  of 
his  experiments  agrees  very  near  with  the  num- 
bers obtained  by  Phillips.  He  found  its  cousu- 
tuents : 

Phosphoric  acid         .  14 
Peroxide  of  orairiimi  54-8 

Oxide  of  copper  .  7'59 

Wniev  .        .       .  13-54 


8933 
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Now,  if  we  consider  it  as  composed  of  * 

4  atom*^  phosphoric  acid     .  14  . 

2  atoiH^  peroxide  ol"  uraiiiuni  5G 
l}j  atom  oxide  of  copper  7'*^ 

IS  atoms  wAter  13*5 

91 

we  have  very  nearly  the  numbers  obtained  by 
Bcrzelius.  The  greatest  deviation  is  in  the  per- 
oxide of  uraniumi  which,  instead  of  56,  turns  out 
only  54"$.  It  is  not  impossible  that  it  is  in  the 
state  of  protoxide  of  uranium^  instead  of  per- 
oxide. Meanwhile,  it  would  seem  that  the  dif- 
ference between  the  yellow  and  the  green  uran- 
micas  consists  in  this,  that  the  former  is  a  double 
sesquiphosphate  of  uranium  and  lime,  and  the 
second  of  uranium  and  copj)er  ;  for  the  consti- 
tution of  uranite  from  Cornwall  may  be  repre- 
sented thus : 

£  atoms  s«squiphosphate  of  uraiuuin  66*5 
1  atom  subsesquiphosphale  of  copper  11 

atoiiis  water  «       .       .  IS*5 


As  the  two  minerals  have  the  same  crystalline 

shape,  aiul  tiic  isanie  constitution  nearly,  it  would 
appear  that  lime  and  oxide  of  copper  are  isomor* 
phous  bases. 

Thus  the  cxpenaients  ol  Berzelius  couiirm  my 

C4 
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own  ia  a  very  satisfiictoiy  manner;  and  seem  to 

leave  no  tloubt  tlial  the  atomic  weiglil  ot"  ura- 
niaiu  and  iu  oxidea  have  been  rightly  deter- 
mined. 

The  tendency  which  peroxide  of  uiaiiium  hixs 
to  form  sesqoisalts  is  very  curious.  It  would 
have  led  me  to  hesitate  about  the  atomic  weight 
of  this  metal,  had  I  not  likewise  met  witii  se* 
veral  neutral  compounds  of  the  peroxide  of  unu 
niutn  and  acidb. 


SECT.  11. 


OF  THE  ATOMIC  WEIGHT  OF  ANTIMONY. 


The  laborious  experiments  of  IVoust  and  Berze- 

Uus  to  investigate  the  oxides  of  antiiuony  are 
well  known  to  the  chemical  world.  It  is  unne* 
cessary  to  refer  to  them  farther  than  to  say, 
that  they  guided  me  in  my  researches,  and  con- 
tributed essentially  to  the  accuracy  of  my  re* 
suits. 

'^^  obtain  pure  antimony  X  dissolved  the  anti- 
wmy  of  corameree  in  nitro-moriatic  acid,  and 

precipitated  the  peroxide  by  means  of  water. 
This  oxide  was  well  waslied,  dried,  mixed  with 
bfaick  flux,  and  exposed  to  a  red  heat  in  a  cover- 
ed crucible.    The  metallic  antimony  thus  ol>- 


mony. 


Digitized  by  Google 


ANTIMOMT. 


taiiwd  was  csceedingly  soft,  and  its  specific  gr»- 
vity  was  only  (j*        at  the  temperature  oi 
Tim  is  somewhat  below  the  qpecific  gravity  o£ 
this  metal  usually  given  by  diemists. 

1.  5*5  graius  of  this  antimony  were  put  into 
a  platinum  cniciU^  and  dissolved  by  the  aasiat- 
ance  of  heat  in  nitric  acid.  The  solution  was 
evaporated  to  dryness,  and  exposed  ioi  some 
hours  to  a  heat  of  500^.    A  yellow  coloured 

powder  was  thus  obtained,  possessing  the  pro- 
perties oi  peroxide  of  antimony ;  it  weighed  7'^ 
grains.  Four  different  trials,  made  in  the  same 
way,  gave  each  the  same  result.  Thus  it  ap- 
pears that  peroxide  of  antimony  is  a  compound 
of 

Antimony       •      •  5*5 
Oxygen         •      •  2 

7^5 


ft  is  evident  tluit  5-5  is  the  atomic  wemht  of^^^ 

o  iintiinony 

antimony,  and  that  peroxide  of  antimoiiy  is  a 
compound  of  1  atom  m^Cal and  IB  atoms  oxygen**^ 


Its  atomic  weight,  therefore,  is  7*5. 

7^  grains  of  peroxide  of  antimony  were  ^"^"^ 
kept  for  some  time  in  a  red  heat;  the  coiour 
changed  from  yellow  to  white,  and  the  weight 
diminished  iVom  7*5  to  7«  By  this  process  the 
peroxide  was  changed  into  dentoiride ;  fcMr  the 
white  powder  possessed  the  well  known  prop^« 
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^  of  deutoxide  of  antimony.   The  loss  «f 

U'eiglit  sustained  in  this  case  was  owing  to  the 
escape  of  oxygen  ;  fior,  ii'  100  giains  of  peioxide 
of  antimony  be  heated'  to  redness  in  a  smaO 
green  glass  retort,  connected  to  a  pneumatic 
Irotq^,  the  gaseous  product  evolved,  which  is 
oxygen,  amounts  nearly  to  19  cvkic  indies* 

.7*5  peroxide  being  converted  into  7  deu- 
toxide,  it  is  plain. that  deutoxide  of  antimony  is 
composed  of 

Antiiaooy  •  •  5*5 
Oxygen  •  1*5 

7 

Or,  it  consists  of*  1  atom  oL  antunun^  united  to 
li  atom  oxygen. 

It  is  this  deutoxide  that  is  formed  when  any 
of  the  other  oxides  oi  antimony  is  exposed  to  a 
red  heat.  In  this  respect  antimony  and  mangsk 
nese  resemble  each  other  ;  for,  wheifeVer  any 
oxide  oi  manganese  is  exposed  to  a  low  red  iieat, 
it  is  always  converted  into  deutoxide  of  manga* 
nese,  which,  like  the  deutoxide  of  antimoiiv, 
a  compound  oi'  1  atom  mangatie^  and  H  aXom 
oxygen. 

8.  It  was  nnnccessai  y  to  subject  the  protoxide 
oi  antimony  to  any  analysis  ^  for,  if  we  comparis 
Berzelius^  experiments  on  it  with  the  analysis 

ot  the  deutoxide  and  peroxide  oi  antimony  in 
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the  preceding  paragraphs,  it  will  be  obvious  that 
the  protoxide  must  be  a  compound  of 

]  atom  antimony  5  5 

1  atom  oxygen  .  1 

&5 

and  ita  atomic  weight  must  be  6*^. 

Thus  it  appears,  that  the  atom  of  antimony 
weighs  5*5  ^  that  the  protoxide  is  a  compound 
of  1  atom  metal  4- 1  atom  oxygen,  and  the  per- 
oxide of  1  atom  metal  +  2  atoms  oxygen.  The 
deutoxide  may  be  considered  as  a  compound  of 
1  integrant  particle  of  protoxide  and  1  integrant 
pai  ticle  of  peroxide.   For  -  * 

ANTmOirT.  OXVOUf. 

1  alom  protoxide  oonsisto  of      5*5    +  1 

1  4tofD  peroxide  5'5    ^    %  •  >' 

2)n    +  s 

5-5    +  1-5 

I  ♦ 

or  we  may  consider  it  as  a  ccmipound  of  2  atomn 
metal  and  3  atoms  oxygen.  t 
-  The  only  chemical  compound  of  this  deutox-  Antimonite 
ide,  or  antimonious  acid  as  Berzeiius  calls  it, 
bitberto  examified,  is  antimonite  of  potash.  Berw 
zelius  obtained  tiiis  salt  by  fusing  together  deut- 
oxide of  antimony  and  potash^  washing  oft*.- the 
excess  of  potash  by  cold  water,  dissolving  the 
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residual  matter  in  hot  water,  and  evaporating 
the  sdutioa  in  order  to  obtaia  the  amtmioiiite 

which  separated  in  the  state  of  a  white  powder. 
According  to  the  analysis  of  JSerzelius,  the  coa- 
atituents  of  the  salt  are 

Deutoxide  of  aatimony   76*6  or  19*^1 
FoCish  •   ft3^  -  6 

It  is  ob^ous  that  flie  salt  contained  an  cnccess 
of  dcutoxide ;  had  it  been  a  binautimonite,  it 
would  have  been  compofied  of 

9  atama  denfeoxide  oim/timm^  14  or  70 
1  alom  potash  6  30 

20  100 

^^^"^  4.  There  are  two  chlorides  of  ^timony,  though 
Mqr.  only  one  of  thein  has  hitherto  been  described  ( 
botli  of  them  may  be  easily  obtained  by  di^soiv* 
ing  audphuiet  of  antimony  in  murialic  acid* 
and  distiUing  the  solution  in  a  retort.  There 
distils  ofi'  a  liquid  having  a  straw  yellow  cakmr^ 
containing  both  mittialic  acid  mi  antunony* 

The  liquid  in  the  retort,  which  was  at  first  oi 
father  a  deep  .yellow,  become  ^zadiiAUy  %bter« 
anod  at  last  quite  ookrariess  and  transpaieoL 
When  the  concentration  has  been  carried  a  oerr 
tain  lengjth,  the  fire  must  be  withdrawn^  and  the 
apparatus  left  untouched  for  twenty-four  houm* 
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A  mfliber  of  beautifbl  white  scaleB,  with  a  silky 

lustri^  gradually  make  ttieir  appearance  at  the 
bottom  of  the  liquid  in  the  retort.  These  flcahw 
may  be  taken  out  and  dried  upon  blotting  pa- 
per :  they  do  not  deliquesce^  and  as  &r  as  I 
have  observed,  undergo  no  alteration  whatever 
by  exposure  to  the  aii.  Tliey  may  be  dissolved, 
at  least  partially,  in  water  without  undergoing 
decomposition  \  by  digesting  them  with  a  solu« 
tion  ot  carbonate  of  soda,  I  decomposed  them  j 
and  by  collecting  the  oxide  of  anlimony,  and 
determining  the  quantity  of  chlorine  by  means 
of  nitrate  ot  silver,  I  found  that  these  scales  con- 
stitute a  dicfaloride  of  antimony  composed  of 

1  atom  chlflffins  4-5 
8  aUNns  antimoiiy  11 

if  the  muriatic,  solution  of  antimony,  thus  de- 
prived of  the  dichloride,  be  still  farther  concen- 
trated, till  liquid  no  longer  passes  into  the  re- 
ceiver, the  m^ole  matter  in  the  retort  concretes 
on  cooling  into  a  solid  mass,  having  a,  silky  lus- 
tre, and  the  property  ol  deliquescing  veiy  ra- 
pidly  when  exposed  to  the  air*  I  have  obtained 
it  crystallized  in  octahedrons,  usually  having  two 
o£  the  opposite  faces  of  the  pyramids  a  good 
deal  larger  than  the  other  two.  Frequently,  die 
octahediuu  does  not  terminate  in  a  pointed  sum- 
mit, but  forms  a  ridge ;  this  is  the  substance 
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fbrmeriy  called  batter  of  aatinioDy,  and  uamllj^ 

obtained  by  distilling  a  mixture  of  two  part^ 
corrosive  sublimate  and  ooe  part  antimony.  Ito 
constituents  are 

1  atom  chlorine  4*5 
1  iloiii  antanony  5^ 

10  . 

as  was  shown  long  ago  by  Dr*  John  Davy. 

5.  The  dark  red  substance  long  celebrated 
un4er  the  name  of  kcrme^i  mineral^  and  cuastitu- 
tuig,aa  excellent  medicinal  preparation,  thoi^h 
but  litde  used  in  this  country,  was  suspected  by 
Proust  to  be  a  compound  ot  sulphuretted  hydro- 
gen gas  and  protoxide  of  antimony.  Dr.  John 
Davy  demonstrated  the  truth  of  this  opinion  by 
showing  that,  ^yhen  heated,  it  is  converted  into 
common  sulpburet  of  antimony  and  water. 
When  I  published  a  similar  set  of  experiments, 
about  four  years  ago,  1  did  not  recoiled  at  the 
time  that  I  had  been  anticipated  by  Dr.  Davy. 

It  is  obvious  from  the  experiment  just  stated, 
that  kenues  mmeral  is  a  compound  of  1  atom 
sulphuretted  hydrogen  and  1  atom  protoxide  of 
antimony.  For  sulphuretted  hydrogen  is  a  com- 
pound of 

ATOM.  ATOIL 

1  nilphttr   +   1  hydrogeo 
Flrotoxicle  of  antimony  of  1  antimcniy  4.    t  oxygen 

The  atom  of  sulphur  combining  with  the  atom 

16 
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of  aQtimoiiy  fctfcns  an-  integrant  particle  of  aul- 

piiuret  ot  autiiuQay;  while  the  atom  of  hydro- 
gen uniting  witli  the  atom  of  oxygeuy  ibrms  an 
integrant  particle  of  water* 

6.  That  siilphuret  of  antimony  is  composed  of^Jj^' 
one  atom  of  each  of  it&  constituents^  is  obvious  mony* 
from  the  following  experiment:  5'5  grains  of 
pure  aiitiniony  in  powder  were  fused  with  a 
quantity  of  flowers  of  sulphur  in  a  covered  crur 
'citxle»  die  temperature  of  which  was  gradually 
raised  till  the  excess  of  sulphur  was  driven  off. 
The  weight  of  the  snlphuret  formed  was  7*^ 
'grains;  eohseqaently,  the  antimony  bad  combined 
with    grains  of  sulphur.  Now,  j-J  represents  the 
weighloi*  an  atom  of  antimony,  and  2  the  weight 
of  an  atom  of  sulphur. 


•  .  SECT.  lil. 

P 

-  '       OF  THE  ATOMIC  WEIOHT  OF  CHROMIUM. 
♦  «         •  • 

Chbomium  18  a  white  coloured  brittle  metal, 

which  IS  not  aiiected  by  the  magnet,  and  which 
combines  with  three  proportions  of  oxygen,  and 

forms  three  oxides.    The  protoxide  has  a  fineOxiikiof 
green  colour,  the  deutoxide  is  brown,  and  the 
peroxide,  commonly  called  chromic  acid^  has  a 

very    deep  yellowish  red,  or  extremely  dark 
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cfangc  colour*  It  is  very  aohible  in  mtai,  and 

possesses  the  characters  of  a  strong  acid. 

1.  The  salts  ibrmed  by  the  uoioa  oi  cluroiuic 
ciuoiiMicf.  add  and  bases  are  called  demotes*  Tbey  have 
yellow  or  a  red  colour;  the  chromates  being 
commonly  yellow,  and  the  bichromatea  led. 
The  bicWmate  of  potash^  being  now  used  by 
the  calico  printers,  is  manuiactured  in  Glasgow 
in  veiy  large  quantities ;  it  is  a  salt  ot'  a  fin^ 
orange  red  colour,  having  a  bitter  and  metallic 
taste,  and  is  much  less  soluble  in  water  tlmn  the 
chromaie  of  potash.*   It  contains  no  water  ef 

ci"}'stailization,  and  as  it  bears  a  red  heat  wi^ 
out  decomposition,  it  may  be  easily  iieed  &offi 
all  the  water  'medianicaUy  lodged  between  the 
plates  of  the  crystals.  It  has  been  demonstrated, 
that  in  the  bichromate  of  potash  the  ^piantily  of 
add  is  just  twice  as  much  as  in  the  cfaioroate. 
The  biciiromate  reddens  v^;etable  bluesy  but  Uie 
chromate  is  neutral,  and,  consequentlyf  a  com- 
pound of  one  atom  chromic  acid  and  one  atom 
potash.  Of  course,  the  bicfacomate  is  a  comp 
pound  of  two  atoms  chromic  add  and  one  atom 

potash.  Either  of  these  salts  may  be  employed 
to  determine  tlie  atomic  weight  oi  chromic  addt 
but  the  bichromate  is  much  .more  eaaiiy  pnv 
cured  in  a  state  of  purity,  and  therefore  d^esei  vt^ 
the  preference. 

*  Fior  4B  tcfwmt  of     chramtia  ind  MdMiiiMle  of  irnflii  tbt  niriv 
n  referred  to  the  Annab  of  Fbiloitiphjr*  XVI.  321. 
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9,  Nineteen  grains  of  anhydrous  bichromate 
pota^i  were  dissolved  in  distilled  water,  and 
io  another  poition  of  diatilkd  water  there  was 

formed  a  solution  of  41*5  grains  of  diy  nitrate  of 
lead.  These  two  solutioos  being  mixed  together  Analysis  ar 
a  doable  decompomtion  took  plaee ;  chromate  of  md 
lead  \\  as  formed,  and  speedily  fell  to  the  bottom  '^^^^ 
of  the  vessel,  leaving  a  transparent  colourless 
liquid  which  was  not  affected  by  sulphate  of 
soda  nor  by  mtiate  of  lead,  and  consecjuently, 
contained  no  sensible  quanti^  either  of  lead  or 
chromic  acid.  Thus  it  appears,  that  the  oxide 
oi  lead  in  41*5  grains  oi  dry  nitrate  of  lead  just 
saturates  the  chromic  acid  in  19  grains  of  dry 
bichromate  of  potash  ;  bat  the  oxide  of  lead  in 
41 '5  grains  q(  nitrate  is  J4  X  »  5^8  grains, 
iAach  h  the  equivalent  for  two  atomsi  Conse^ 
quently,  If)  grains  of  [)ichromate  of  potash  con- 
tain a  quantity  of  cbronuc  acid  just  equivalent 
ttt'Catom?. 

If,  instead  of  19  grains  of  bichromate,  we  take 
12*5  grains  of  anbydroua  chromate  of  potash, 
Md  90^5  grains  of  Ary  nitrate  of  'lead,  the  re* 
suit  will  be  just  the  same  j  namely,  the  whde 
chromic  acid  of  the  chromate  will  be  precipitated 
in  combination  with  the  whole  oxide  of  lead  in 
the  nitrate.  Consequently,  12*5  grains  of  dry 
chromate  of  potash  contain  just  the  equivalent 
of  one  atom  of  cliromic  acid. 

The  quantity  of  potasii  in  19  grains  ot  bichro- 

Voi..  11.  D 
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mate  and  1£'5  gcaaas  of  chcomptte  of  potash  is 
just  the  same.    The  only  difibrence  between-  the 

two  s^^ts  is,  tiiat  the  ibnner  contains  two  atoms 
of  chromic  acid,  while  the  lattw  coDlahiB  only 
one.  It  is  evident  from  this,  that  the  diflerence 
Atora^of  between  19  and  12*5,  which  amounts  to  6*5^ 
<M»L  must  represent  the  weight  of  an  atom  of  chromic 
acid. ' 

Chromaie  of  potasli  is  composed  oi' 

1  atom  chromic  al^id   s  6'5 
1  atom  potash  as  6 

Bichromate  of  potash  consists  of 

S  atom§  dmmiic  add   »  13 

1  atom  potash  6 

19 

3.  Now»  as  there  are  three  oxides  at  cbro- 
mmm,  the  probability  i8»  that  the  atomic  weight 

of  cluoiuium  is  3-5,  and  that  the  thi'^e  ^  oxi^i^ 
are  composed  as  follows : 

CHRoMtirM.  OXW.rH.  ATOMIC  WBIOOT. 

rrotoxitle  of  1  atom  +  I  atom  4*5 
Dcutoxide  1  atom  +  2  atoms  5*5 
Chromic  acid    1    atom    +    3    atoms  6-5 

r 

The  protoxide  frqmhi^  readily  witli  tl)e  xlil^ 
ferent  acids ;  but  I  havp.  m%  been  ^e  to  fOb^ 

tain  any  of  t,hc  .salth  vvliich  it  fuiaus  in  tjie  state 
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of  crystals,  and  consequently,  susceptible  of 
exact  analysis.  The  muriate  is  a  beautitul  gi  eeu 
solution,  wbioh  may  be  e^porated  to  dcyness 
without  losing  its  colour.  The  sulphate  is  a 
dirty  pale  green  powder,  not  soluble  in  water. 
Neither  nitricy  piiosphoric,  or  acetic  adds  gave 
better  results. 

To  determine  the  nature  of  protoxide  of  chro-  Atom  of 
mium  I  dissolved  a  quantity  of  chromate  of  pot« 
ash  in  water,  and  added  tartaric  acid  to  the  solu- 
tion*   An  effervescence  took  place,  and  the  so- 
lution assumed  a  fine  green  colour,  because  the 
chromic  acid  was  converted  into  protoxide  of 
cbromium.    Aounoaia  being  poured  into  the 
green  coloured  liquid,  the  protoxide  of  chro* 
mium  was  precipitated.    It  was  collected  on  a 
filter^  well  washed  with  water,  and  dried  in  the 
open  air.   In  ibis  state  it  constituted  a  fine 
green  powder,  exceedingly  light,  tasteless,  and 
dissolviog  with  facility  in  acids.   I  could  detect 
no  attnhoilifi,  nor  tartaric  acid,  nor  potash,  in  this 
powder  i  but  ibund  it  a  combination  of  water  26  hydrate 
and  protoxide  of  chromium.  SS7d  gnins  ofui'^ 
this  hydrate  were  gradually  heated  to  redness  in 
a  green  glass  retort.    Water  was  driven  off 
to  the  amount  of  S9*^  grains,  and  there  re- 
mained a  fine  green  powder,  weighing  4'5  grains, 
and  still  in  the  state  oi  protoxide  of  chromium  | 
but  it  dissrives  in  adds  with  great  difficulty,  or 
not  at  all  in  several  j  because  it  is  now  anhy- 
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droiis.  The  reader  will  observe,  that  S9*^5 
represents  £6  atoms  of  water.  Hence,  if  pro- 
toxide  of  chromium  weighs  4*5,  the  hydrate  of  it 
is  a  cotiiponnd  of 

1  alom  protoxide  of  diraniiiiii  4^ 
26  ntoms  water    ,      .      *  29*25 

• 

Tliis  hydrate  appears  perfectly  dry  j  yet  it  con- 
tains oniy  iVths  of  its  weight  of  solid  matter, 
while  -H^ths  consist  of  pure  water.  I  am  not 
aware  of  any  metallic  hydrate  that  contaias  so 
great  a  proportion  of  water,  or  so  maay  atomsof 
water  as  this  one  does. 
^  337i  grams  of  this  hydrate  (contaimng  45 
grains  of  protoxide  of  chromium)  were  dissolved 
in  muriatic  acid,  and  the  solution  cautious^ 
evaporated  in  as  low  a  temperature  as  possible 
till  the  muriatic  solution  was  reduced  to  the  state 
of  a  powder,  apparently  dry.  It  weighed  192*5 
grains.  From  this  experiment  it  is  obvious,  that 
the  atomic  w  eight  of  protoxide  of  chromium  is 
4*5 ;  for  the  salt  was  neutral.  Hence,  every  atom 
of  the  oxide  must  have  combined  widi  an  irtonii 
of  muriatic  acid.  The  quantity  being  45,  equiva- 
lent to  10  atoms,  must  have  united  to  46^ 
(equivalent  to  10  atoms)  of  muriatic  acid.  The 
remaining  101'^,  wanting  to  complete  the  sum, 
must  be  water,  and  it  is  equivalent  to  90  atoms. 
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Thmt  we  we  that  the  constituentft  of  this  mu- 

riate  Are 

1  atom  muriatic  acid  .  4  fvi.l 
1  atom  protoxide  of  chromium  4-500 
9  atCNDf  water  10*1S5 

for  this  is  just  the  weight  of  salt  fonned  from  4*5 

of  protoxide  of  chromuini. 

These  19^*5  grains  of  muriate  of  chromium 
were  exposed  in  a  dose  vessel  to  a  heat  raised 
very  slowly  nearly  to  redness.  It  had  not  un- 
dergone ihsioQ,  and  was  still  a  powder  having 
atn  ottve  green  colomr.  It  weighed  8S  grains. 
Had  it  been  reduced  to  a  pure  anhydrous  chlo- 
ride  of  chromium,  the  weight  would  have  been 
80  grains  $  for  it  consisted  (abstracting  the 
water)  of 

Muriatic  acid  46*25 
Protoadde  of  chromium  45 

9146 

When  converted  into  chloride  it  would  lose  10 
atom:^  ol  water,  or  Now,  91*25  —  11*25 

■I  80.  In  the  preceding  experiment  the  muriate 
had  not  been  completely,  though  very  nearly,  re- 
duced to  a  chloride.  When  I  subjected  the 
muriate  of  chroouum  to  a  strong  red  heat^  the 
loss  of  weight  was  always  too  great,  owing  to 

DS 
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the  escape  of  chlorine ;  but  these  escperiments, 
though  not  absolutely  exact,  are  suffideot  ap- 
A  m  i  of  proximatioiis  to  satisfy  us  that  the  atomic  weight 
and  protox-  of  chromium  is  8*5,  and  that  of  the  protoxide 
4*5  i  and  cousequently,  that  it  coutauis  only  1 
atom  of  oxygen  combined  with  an  atom  of  chro- 
mium. 

w  di^"^^'  The  brown  oxide,  as  usually  prepared,  neither 
add.  combines  with  acids  nor  bases :  yet  it  may  be 
made  to  combine  with  alkaUes,  and  to  form  with 
them  a  soluble  compound*  This  was  ascertained 
in  the  following  way  :---on  a  quantity  of  cbromate 
of  soda  in  crystals  I  poured  some  alcohol,  and 
digested  the  mixtuie :  the  yellow  colour  disap- 
peared and  the  salt  became  green,  owing  to  the 
conversion  of  the  cliromic  acid  into  protoxide  of 
chromium.  Thia  green  matter  was  evaporated 
to  dryness,  and  digested  repeatedly  in  nitric  add 
—it  assumed  the  colour  of  deutoxide  of  chromi- 
um. The  whole  was  then  evaporated  to  dryness 
to  get  rid  of  the  nitric  acid,  and  the  residual 
brown  matter  was  dissolved  in  water:  I  obtained 
a  dark  brown  opaque  liquid,  which  I  concen- 
trated as  much  as  possible,  and  then  set  aside  in 
order  to  obtain  crystals  ^  but  none  would  tbrm. 
The  salt  in  tliis  opaque  liquid  was  obviously  a 
combination  of  deutoxide  of  chromium  and  soda. 
It  migiit,  therefore,  be  called  chromite  of  soda: 
probably  the  other  chromttes  miglit  be  obtained 
by  a  similui  process. 
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When  a  solution  of  chromate  of  potash  is  Bichromit* 
poured  into  a  fresh  solution  of  protosiltphate  of 

iron,  there  is  deposited  a  dark  brown  powder, 
exceedingly  similar,  in  its  appearance,  to  the 
mineral  usually  distinguished  by  the  name  of 
chromate  qf  iron.  In  this  precipitate,  the  iron  is 
in  the  state  of  peroxide  ^  it  immediately  robs  the 
cliromic  acid  of  ii  portion  of  its  oxygen,  and  con- 
verts it  into  deutoxide.  The  mmerai  lias  not  yet 
b^n  analyzed  with  the  requisite  care ;  but  from 
the  analysis  of  Klapj  oil),  it  seems  probable  that 
it  is  composed  of 

2  atoms  deutoxide  of  chrominm  9 
1  atom  peroxide  of  iron       .  5 

14 

1  am  disposed,  therefore,  to  consider  it  as  a  bi- 
ehromite  of  iron, — ^the  chromate  of  iron,  proba- 
bly, does  not  exist. 

Similar  phenomena  take  place  when  chromate 
of  potash  IS  dropped  into  protoflulphate  of  man* 
gaaese.  Probably  the  black  precipitate,  which 
I  have  not  examined,  is  a  chromite  of  manga- 
nese. 

SECT.  IV. 

OF  TUfi  ATOMIC  WEIGHT  OF  MOLYBDENUM. 

BtrcHOLz  first  showed  that  molybdenum  com- 
bines with  three  piopoi lions  of  oxygen.  The 
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p'olojLid^  has  a  brown  colour  ^  the  deutowle^  or 
fno^Mbtif  m4f  haa  a  ptvple  colour  when  aoby* 

dious,  but  a  beautiful  indigo  blue  when  mixed 
with  water*  The  peroaide^  pr  moi^bdic  acidf  /p^ 
white.  Of  when  hot,  yellow* 

1.  Bucholz  found  that  100  pails  of  raolybde- 
nuoi,  when  converted  into  inolybdic  add,  unite 
Aim  oT  urith  49  or  50  parts  of  oxygen*  Now,  if  thia  add 

molybdp-  *       .  i 

num  aod  be  a  couiDouad  ot  1  atom  metal  +  3.  atoms  oxi'- 

ndvbdic 

Id/      gen*  (as  is  likely,  from  the  existence  oi*  threeox- 
ides  of  molybdenum)  it  will  follow,  that  the 

atomic  weight  of  molybdenum  is  6,  and  that  of 
molybdic  add  9.   For  50  : 100  :  :  3  :  6. 

To  verify  this  estimate,  I  e\])oscd  a  quantity 
of  moiybdate  of  potash  to  such  a  temperature  as 
I  imew,  from  previous  trials,  was  suffident  to 
Aiulymof  diivc  off  all  the  water  of  crystallization*  Fifteen 
oTpoiMfa.  grains  of  this  anhydrous  salt  were  dissolved  in 
waiter,  and  mixed  with  a  solution  of  ^*75  grains 
of  anhydrous  nitrate  of  lead  :  a  double  decompo- 
sition took  places  and  moiybdate  of  lead  preci- 
pitated in  tlie  state  of  a  white  powder.  The 
supernatant  liquid  was  colourless,  and  was  neither 
affected  by  sulphate  of  soda  nor  by  nitrate 
of  lead ;  showing  that  it  contained  no  sen- 
Mble  quantity  either  of  lead  or  <rf*  molybdic 
add. 

We  sec  from  this  experiment,  that  15  grains 
oi'  anhydrous  moiybdate  ot  potash  contain  just 
the  quantity  of  molybdic  add  necessary  to  satii- 
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rate  the  protoxide  ot  lead  in  20*7^  grains  ol  ni- 
Uate  of  lead.  But  ft^5  grains  of  nitntte  of  Imd 
contains  14t  grains  of  protoxide  of  lead^  which  i$ 
equivalent  to  an  atom  :  15  grainy  of  anhydi'0U3 
QMriybdate  of  potash,  tiierefore»  contains  a  quan- 
tity of  molybdic  acid  equivalent  to  an  atom.  It 
must  be  in  combination  with  an  atom  ot  potash. 
But  as  an  atom  of  potash  weighs  6»  and  the  salt 
15,  it  IS  plain  that  the  weight  of  the  atom  of 
nolybdic  acid  must  be  9  >  and  the  anhydrous 
salt  consists  of 

1  ntoni  kuolybdtc  acid  .  9 

1  atom  potash  •  6 

15 

I 

The  iTiolybdLite  of  lead  being  collected  and  dried, 
weighed  US  grains.  Now,  it  contained  14  grains 
of  protoxide  of  lead ;  consequently,  its  constitu- 
ents are 

I  Atom  moljrbdic  acid  «i  9 

1  atom  proCoKide  of  lead       «  14 

SS 

2.  Molybdate  of  potash  ciystalUzeB  in  small 
feuF-sided  right  prisms*  terminated  by  rhombic 

bases.  Its  colour  is  white,  with  considerable 
lustre  y  it  is  opaque,  and  has  a  taste  that  puts 
one  in  mind  of  that  of  a  weak  solution  of  potash  i 
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it  renders  cudbear  paper  violet,  however  care- 
fully washed  and  crystallized.  When  exposed 
to  the  air  it  slowly  deliquesces;  this  circum- 
stance prevented  me  from  being  able  to  deter- 
mtne  its  water  of  crystalllzatioB.  The  salt  dis* 
solves  readily  in  water,  and  the  solution  is  trans- 
parent and  colourless* 

The  characters  of  molybdic  acid  being  rather 
imperfectly  described  in  chemical  books,  I  shall 
here  state  the  etiects  of  Uie  diiierent  reagents 
upon  a  solution  of  this  salt. 

1.  Phiaaiateof  pntnh^  Prodaoeg  no  chsnge. 

2.  GaDic  acid— Strikes  a  fine  oraoge  red,  Uut  .occaaioos  no 

precipitate. 

3.  TiiKtvirc  of  gali3 — Gives  the  same  colour,  and  Uirowi 

down  a  ljulky  orange  red  coagulum. 
4k  A  piece  of  Ud^  with  a  drop  of  muriatic  acid— ^loeiliet  a 
deep  blue,  and  a  dark  blue  precipitate  faUa. 

5.  Sulphuric  add—Hirowa  down  a  chalk  white  predpifale, 

redissolved  In  an  ezceea  of  acid.  When  thia  aolatiom 
if  evaporated  nearly  to  dryness,  it  is  colourless  whOe 
hot;  but  Oil  cooling,  assumes  a  very  beautilul  blue 
colour,  Avliich  continuest  thougii  the  aolutiou  be  di* 
luted  with  water. 

6.  Nitric  acid — white  predpttatet  rediseolvedby  an  cjioeM 

of  add.  The  soltttidn  bdng  evaporated  to  diyneas 
leaves  a  ydlow  cmat,  which  becomes  white  on  add- 
ing water. 

7.  Muriatic  acid — The  same*    The  solution  being  evaporat- 

ed bcconies  greeUi  and  of  a  fine  blufi  cuiour  on  add- 
ing water. 

8.  Phosphoric  add  )  —-A  white  predpitate  redisaolvcd  by 
9*  Anenicacid     J       an  excess  of  add. 
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10.  Chromic  acid — A  while  ducky  pret'i|)ilate. 

11.  Acetic  acid  \ 

lit.  Oxalic  acid  No  effect 

13.  Teitarie  add  J 

14.  Momte  of  lime—O* 

15.  Mtiriite  flif  magnesia — O. 

16.  Muriate  of  barbies — A  copious  white  precipiute  in 

powder. 

17.  Muriate  of  btrontian— -A  copioua  white  precipiute  in 

iinall  flocks. 

18.  Alum^—NnmeratM  white  flocks. 

19.  Sulphate  of  gluciha^Ditta 

20.  Nitrate  of  zirconia — Milk  white  flocks. 

21.  Nitrate  of  lead — A  copious  white  flocky  precipitate. 

22.  Nitrate  of  silver — Abundance  of  white  flocks. 

25.  Nitrate  of  mercury— -Abuadaiice  of  yeUowtah  white 

it4k  Frotosolphote  of  inm-^Abundance  of  reddish  brown 
flodcs. 

25.  Sulphate  of  copper — Abundance  of  greenish  while 

flocks. 

26.  Sulphate  of  sine— 'A  copious  white  precipitate  iu  pow- 

der. 

97*  Muriate  of  tin— A  bulky  dark  buff  precipitate  in  flocks. 

28.  Adioniifriate  of  oerium^Numerous  white  flocks. 

29.  Sulphate  of  nickel-*Mtlk  white  flocks. 

30.  Nitrate  of  cobalt— O- 

31.  Sodri-muriatc  of  i  liodium — O- 

32.  Muriate  of  platinum — ^A  yellow  precipitate^  having  die 

appearance  of  triple  muriate  of  platinum  and  potash. 
SB,  Aqueous  solution  of  oxide  of  osmium — O* 
84w  Fkotosulphate  of  manganese— A  copious  white  flocky 

precipitate. 

From  the  preceding  table  it  is  obviousi  1. 

16 
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That  mdybdic  acid  is  disengaged  from  potudi 
by  sulphuric^  uitric,  muriatic,  pho^bohc*  arse* 
niCy  aod  chromic  adds  ^  but  not  by  acetici  oxa<» 
lie,  or  tartaric  acids.   £.  That  molybdates  of 

potash,  soda,  ammoma,  lime,  magnesia,  cobalt, 

and  rhodium  are  soluble  io  water*  3.  That  the 
molybdates  of  all  the  other  bases  mentioned  in 
the  table  are  insoluble  in  water,  or  nearly  so. 
3.  Bucholz  formed  molybdous  acid  by  tritu- 

rating  in  a  mortar  a  mixture  of  I  part  uiLtallic 
molybdenum  and  ^2  parts  molybdic  acid,  with  a 
certain  quantity  of  hot  water,  till  the  mixture  as- 
sumed  a  deep  blue  colour.  I  find  tliat  it  is  easily 
formed  by  heating  together  a  mixture  of  molyb- 
dic and  muriatic  acids»  and  continuing  the  heat 
till  the  whole  muriatic  aciii  is  di  iven  off  The 
molybdous  acid  ibrmed  in  this  way  has  a  dark 
purple  colour,  but  becomes  of  a  fine  indigo  blue 
when  water  is  poured  on  it.  This  acid  ctier- 
vesces  witii  nitric  acid,  and  is  converted  into 
molybdic  acid.  From  Bucholz's  process  for  ob- 
taining this  acid,  it  is  obvious  that  it  is  a  com- 
pound of  I  atom  molybdenum  and  2  atoms 
oxygen ;  consequently,  its  atomic  weight  must 
be  8. 

Protoiidc     4,      accurate  experiments  have  been  made 

of  molyb. 

on  the  protoxide  of  molybdenum.  My  stock  of 
molybdenum  was  too  small  to  enable  me  to  en- 
ter upon  the  investigation ;  but,  since  the  atomic 
weight  of  molybdenum  is  known,  and  since  it 
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has  been  shown  that  molybdous  acid  is  a  com* 
pound  of  1  atom  molybdenum  and  2  atoms  oxy* 
gen,  and  molybdic  acid  of  1  atom  molybdenum 
and  3  atoms  oxygen, — there  is  no  reasonable 
ground  of  doubt  that  the  protoxide  ib  a  cooi- 
pound  of  1  atom  molybdenum  and  1  atom  oxy- 
gen. Thus  the  atomic  weight  and  composition 
of  molybdenum  and  its  oxides  is 


M<»lybdaniim 

MOLYMIBt 

Frotozide  of      1  atom 
Molybdous  add  1  - 
Molybdic  add     1  » 


4*  1  atom  7 
4-  S  -  8 
+   3   -  9 


5.  Sulphuret  of  molybdenum  exists  native,  suiphuKt 
and  is  the  mineral  substance  well  known  under  dmnL^ 

the  name  ynolijbdena.  It  has  a  bluish  colour, 
and  the  metallic  lustre ;  is  soft  and  sectile,  and 
composed  of  thin  leaves.  It  may  be  formed  ar* 
tificialiy,  by  heating  together  I  part  oi  molybdic 
acid  and  5  parts  of  sulphur.  Bucholz  analyzed 
this  sulphuret  with  sufficient  accuracy,  and 
showed  that  it  was  a  compound  of 

* 

Molybdenum  .  3  or  6 
Svlpbiv  .     S    -  4 

10 

It  is,  therefore,  a  bisulphuret,  or  a  compound  of 
1  atom  molybdenum^  with  2  atoms  sulphur. 
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SECT.  V. 

OF  THE  ATOMIC  WEIGHT  OF  TUNCSTEN. 

The  only  chemist  who  has  hitherto  attempted  to 
determine  the  atomic  weight  of  tungsten  and  its 
compounds  is  Berzelius.*  He  lias  shown  that 
this  metal  combines  with  two  proportions  of 
oxygen,  and  forms  two  oxides.  The  protoaide 
has  a  flea  brown  colour,  and,  when  heated,  burns 
like  tinder,  and  is  converted  into  tungstic  acid. 
The  pero.rkIe,  or  tungstic  acid,  has  a  yellow  co- 
lour,  when  obtained  from  wolfram  by  the  usual 
process.  When  strongly  heated,  it  becomes 
green  ;  and,  if*  we  prepare  it  by  heating  tiing- 
state  of  ammonia  in  close  vessels,  its  colour  is 
hhie.  Berzelius  has  shown  that  tungstic  acid,  of 
all  these  three  colours,  is  the  same  in  its  compo- 
sition. He  formed  protoxide  of  tungsten  by 
putting  tungstic  acid  into  a  glass  tube,  heating 
it  to  redness,  and  passing  a  current  of  hydrogen 
gas  through  the  red  hot  acid,  till  it  ceased  to  pro- 
duce any  farther  change. 

100  parts  of  this  protoxide,  when  converted 
Bc^iiu*  tungstic  acid,  became  107  parts.  From  this 
^^^^    experiment  of  BerzcUus  it  is  obvious  that  tuni^:- 

tungsten  ^ 

and  Us  ox  •  stic  acid  is  a  compound  of 

tcuss* 

•  Aanak  of  PUlnM^by,  Ul.  »M. 


Bxperi. 

mcnts  i)f 
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ProtoKtde  of  tungsten  100 
Oxygon       .         .  7 

107 

Berzelius  endeavoured  to  detenmi»e,  the  quan- 
tity of  oxygen  in  tungBtic  acid  by  a  very  ingeoiH 
ous  experiment,  but  rather  of  too  coiQplioated  a 
nature  to  be  ca{MiUe  of  peijfec^saccunuT;  a^^^H^ 
formed  a  stilpfiuret  of  tungsten,  by  heating  1  part 
of  tuugstic  acid  and  3  parts  of  cinnabar  in  a 
Hessian  cAl  ^The  tnixt.!^' i?»  covered 

with  cliarcoal  powder^  and  tlie  cracil)le,  with  a 
flat  lid  on  it,  was  exposed  for  half  an  hour  to  the 
greatest  heat  which  he  could  raise  in  a  wind  fur- 
nace. The  sulphuret  thus  obtained  was  a  grey- 
ish black  powder,  which,  when  rubbed  against  a 
polished  sur&ce,  acquired  the  metallic  lustre, 
and  resembled  sulphuret  of  copper,  but  was  ra- 
ther more  blue. 

100  parts  of  this  sulphuret  were  digested  in 
nitromuriatic  acid,  till  the  sulphur  was  acidified. 
The  sulphuric  acid  was  thrown  down  by  muriate 
of  barytes ;  and  the  sulphate  of  barytes  formed 
weighed  182  parts,  equivalent  to  ^i^4*678  parts  gt 
sulphur.  Hence  the  sulphuret  of  tungsten  is  a 
compound  of 

Tungsten         .  75-822 


100*000 
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100  parts  oi  liie  same  sulphuret  of  tungsten, 
heated  in  a  platinum  cup  till  it  disengaged  no 
more  sulphurous  acid,  left  a  brown  powder, 
weighing  9'3"^.  This  powder,  being  exposed 
to  a  strong  heat,  became  dark  green,  without 
any  alteration  of  its  weight ;  hence  Berzelim 
considered  it  as  tungstic  acid. 

From  this  experiment  it  follows,  that  tungstic 
aeid  is  composed  of 

Tungsten   75*SS2   or  80*55S 

Oxygen      18178     -  19-442 

93500  lOOHXH) 

But  107  tungstic  acid  contains  100  protoxide  of 
tungsten  and  7  oxygen  ;  or,  its  constituents  may 
be  stated  thus : 

Tungsten  .  86- 197 
Oxygen  .  20*80S 

107*000 

If  from  the  ^20-803  we  subtract  7,  there  will  re- 
main 18*808  i  oi  the  oxygen  in  100  paits  of  pro- 
toxide oi  tungsten. 
From  this  it  appears,  that  the  composition  of 

the  oxides  of  tungsten  is  as  ibiiows : 

Praloxide       86-197     timgitan  +  13-80S 

Tungstic  acid  8(5*197  -         -f-  2U-8a3 

But  13-8(K3 :  ^-803  ::2:3  very  nearly.  Thus 
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it  appears,  that  the  oxygen  in  the  protoxide  is 
to  that  in  the  peroxide  as  ^  to  3 ;  so  that,  if  the 
protoxide  be  a  ccMnpoimd  of  1  atom  tuogrten 
and  1  atom  oxygen,  the  peroxide  must  be  a  com- 
pound of  1  atom  tungsten  and  li  atom  oxygen. 
Thus  we  see  that  the  oxides  of  tungsten  in  this 
respec  t  resemble  tiie  oxides  of  iron,  nickel,  co- 
balt, and  qerium. 
I  shall  now  state  the  experiments  which  l'^^"^^**^ 

r  of  ftmmo- 

made,  in  order  to  ascertain  tlie  atomic  weight  of 
tungstic  add. 

1.  I  first  prepared  a  considerable  quantity  of 
tungstate  oi' ammonia  from  wolfram,  by  heating 
wolfiram  in  powder  alternately  in  muriatic  acid 
and  ammbiria,  till  the  mineral  was  deeemposed. 
The  aninioiuacal  solutions,  when  properly  con- 
centrated, deposited  the  tungstate  of  ammonia  in 
small  brilliant  cr\  stals. 

Ot  this  tungstate  X  obtained  two  different  va- 
rieties. The  first  was  crystalliaed  in  four-sided 
rectangular  prisms  with  rhombic  bases.  When 
piitinto  the  mouth  this  salt  appeared  at  first 
tasteless,  but  in  a  short  time  it  left  a  bitter  im- 
pression on  the  palate,  which  was  succeeded  by 
a  certain  d^ee  of  sweetness  mixed  with  a  disa* 
greeable  metallic  taste.  This  salt  was  so  very 
sparingly  soluble  in  water,  that  the  solution  did 
not  answer  well  for  determining  the  effect  of  re- 
agents upon  tungstic  acid  salts. 

But  in  some  ot  my  other  processes,  1  got  a 

Vot.  II.  K 
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tungstate  of  ammonia  which  crystallized  in  silky 

plates.  Its  taste  was  much  stronger,  thougli  si- 
milar, and  it  was  much  more  soluble  in  water. 
I  employed  this  last  salt  to  determine  the  action 
of  reagents  on  its  solution.  I  shall  state  the 
results  which  I  obtained,  OMiceiviiig  them  cal- 
cidated  to  throw  considerable  light  on  the  afini- 
ties  and  compounds  of  tungstic  acid. 


Artion  of    1.  Pinifsiate  ef  potMh— -No  effect  at  £r«t ;  but  after  a  little 

time  a  white  precipitate  falla. 

2.  Gallic  acid  {  1 

3.  Tincture  of  i^alls        f  ^* 

4*  Sulphuric  acid — A  white  precipitate  in  flocks. 

5.  Nitric  acid — Ditto. 

6.  Muriatic  add— Ditto ;  aoiuble  id  an  exoeaa  of  acid. 

7.  FlMM|ilioric  add— Q. 

8.  Anenic  add-^Q. 

9.  Acetic  acid — q- 

10.  Oxalic  acid— O* 

1 1 .  Tartaric  acid — Q. 

12.  Chromic  acid — Q, 

IS.  Muriate  of  barytes — A  n  hiie  pwcipitate  in  flocks. 

14.  Mttriale  of  strontiaa— DitlXK 

15.  Muriate  of  lime    1      f  A  white  predpitate,  which 
iG,  Nitrate  of  Ihue     /     \  disappears  on  agitation. 

17.  Muriate  of  magnesia — O. 

18.  Alum — A  white  precipitate  in  powder. 

19.  A  fragment  of  tin  with  a  drop  of  muriatic  acitl — \Mul« 

flocks  first  separate,  which  gradually  acquire  a  blue 
tinge^  and  a  deep  blue  colour  aurrounds  the  tin  glo- 
bule. 

1^0.  Protosulphate  of  ihm-^A  yelbwtsh.iiHtite  predpitste  in 
powder. 
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iei.  Penulplialeof  imwitfaeioeitof acid-^D^  vediMol* 

ved  on  agitation. 

22.  Sulphate  of  nickel — O- 

23.  Nitrate  of  cobalt — A  liglit  puik  precipitate. 

24.  Sulphate  of  nuuiganeaa— A  copioua  white  precipitate  in 

powder. 

85.  Sulphate  of  lino-^  white  precqpHatt,  radiiiolved  by 
agitation. 

£6.  Nitrate  of  lead — white  flocky  precipitate. 
27-  Muriate  of  tin — A  copious  white  flocky  precipitate. 
28.  Sulphate  of  copper — A  white  precipitite  in  powder. 
29-  Nitrate  of  mercury^Copious  milk  white  iiockfl. 
30.  Nitrate  of  silver— A  copiona  white  fiocky  precipitate. 
81*  Muriate  of  platiniiiii^i«>0. 
38*  Muriate  of  paUadinm — O* 
38,  Soda-muriate  of  rhodiupi — O* 

From  the  preceding  table  it  appears  that  sul* 
pliuricy  nitric,  and  muriatic  acids  have  a  stronger 
affinity  for  ammonia  than  tungstic  acid$  but 
pho6phoric»  arsenic,  chromic,  and  the  vegetable 
acids  are  incapable  ot  disengaging  that  acid  from 
ammonia. 

The  tungstates  of  barytes,  strontian,  lime, 
alujuina»  iron,  cobalt,  manganese,  zinc,  lead,  tin, 
mercury f  copper,  and  silver  are  insoluble,  or  nearly 
so.  But  tungstates  of  magnesia,  nickel,  platinum, 
palladium,  and  rhodium  are  probably  soluble  in 
water* 

After  some  attempts  to  analyze  the  tungstate 
of  ammonia,  I  was  induced  to  abandon  that  salt 
as  not  likely  to  yield  satis&ctory  results,  and  to 

have  recourse  to  tungstate  of  soda. 

E  2 
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Anaiyrfs  oT    9.  Tuns^stRte  of  soda,  formed  by  boiling  toge- 

<oda.      ther  a  solution  of  carbonate  of  soda  and  tungstic  | 
acid,  till  the  liquid  refused  to  take  up  any  more  ; 
of  the  acid,  was  set  aside  af  ter  being  concentra-  i 
ted  as  iar  as  possible,  so  as  to  retain  the  liquid 
state.   In  about  a  week  it  shot  into  fine  crystik 
of  tungstate  of  soda  ;  these  crystals  were  white 
and  semitransparent.    The  first  time  I  obtained 
them  in  pretty  regular  short  six-sided  piisins; 
but  the  second  time  I  repeated  the  process,  the 
salt  shot  into  flat  rhombic  prisms.   The  lustre 
of  these  crystals  is  silky;  however  careiuUj  j 
washed,  they  give  a  violet  colour  to  cudbear  , 
paper,  and  restore  the  blue  colour  of  litmus  par  I 
per  reddened  by  acetic  add.   Yet  the  sdutioOt 
fcom  which  they  had  crystallized*  had  been 
boiled  for  nearly  a  fortnight  with  a  considenbk 
excess  of  hydrated  tungstic  acid.    The  tsste  «f 
this  salt  is  at  first  sweet,  but  it  speedily  becomes 
an  intense  and  pure  bitter,  almost  exactly 
miUr  to  tlie  taste  of  quassia.  1 
3.  Ailera  considerable  number  of  trials,  which  | 
it  is  needless  to  detail,  I  found  that  when  IS)^  | 
grains  oi'  these  crystals  are  dissolved  in  wateTi 
and  mixed  with  a  solution  of  ^0^5  gam  ^ 
dry  nitrate  of  lead,  a  double  decomposition  takei 
place ;  tungstate  of  lead  precipitates  in  a  white 
powder,  and  the  residuld  liquid  is  neither  afieo- 
ted  by  aulphate  of  soda  nor  by  nitrate  of  ks^; 
showing,  that  it  contauis  no  sensible  quantity 
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either  of  oadde  of  lead  or  of  tungstic  acid.  The 

tungstate  of  lead  that  had  been  precipitated, 
beiog  collected,  washed,  dried,  and  exposed  to 
a  red  heat,  was  found  to  weigh  3^*75  grains ;  but 
it  contained  just  the  quantity  of  protoxide  of 
lead  in  ^0*7^  grains  of  nitrate :  winch  has  been 
shown  before  to  amount  to  14  grains.  Hence, 
it  ibllovvs,  that  tungstate  oi  lead  is  composed  of 

'ruMgstic  acid  IS'75 
Protoxide  o(  lead  14 


Sji*7^ 

14«  being  the  equivalent  for  an  atom  of  protoxide  Atom  of 
of  lead,  and  the  salt  being  neutral,  ld*75  mustidA^ 
represent  the  atomic  weight  of  tungstic  acid. 

4.  ^'5  grains  of  crystallized  tungstate  of 
soda  being  heated  on  the  sand  bath,  gave  out  a 
quantity  of  water,  and  fell  into  a  white  powder. 
This  white  powder  hcwr  heated  to  redness, 
melted,  and  formed  a  kind  of  enamel,  which  it 
was  very  difficult  afterwards  to  separate  from 
the  inside  of  the  platinum  crucible,  to  which  it 
had  attached  itself.  The  loss  of  weight  amounts 
ed  to  6'75  grains.  Now,  0*^5  is  the  equivalent  for 
6  atoms  of  water. 

Thus,  we  learn  that  29*5  grains  of  crystallized 

tungstate  of  soda  contain  1H'J5  of  tungstic  acid, 
and  6*7*^  oi'  water.  The  remaining  4  grains 
must  be  soda,  and  the  constitution  of  the  salt 

may  be  stated  as  follows  : 


I 
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1  atom  tungstw  acid  1S*75 
I  atom  soda'  4  • 

6atom9  water-  6*75 

29-50 

The  salt»  while  on  the  sand  bath,  lost  5*86  gnios 
of  weight,  so  that  the  quantity  which  remained 
was  less  than  an  atom. 

5.  From  Berzelius'  experiments,  related  attbe 

beginning  of  this  section,  there  is  reason  to  con- 
clude, that  tungstic  acid  contains  3  atoms  of 
oxygen,  and  brown  oxide  of  tungsten  d  atoms; 
consequently,  the  atomic  weight  of  tungsten 
iten.  °    must  be  16*75,  and  tiiat  of  brown  oxide  177^* 

6.  From  my  experiments  on  the  tungstate  of 
ammonia,  compared  with  the  analysis  of  it  by 
JBerzelius,  1  have  little  doubt  that  itsconstitueuis 
are 

3  atoms  tungstic  acid    •  37'^ 

1  atom  ammonia  2-125 

2  atoms  water     .  2*25 


Atom  of 
tungsten 
•nooxado 

of  tung 


41*875 


The  quantity  of  the  most  soluble  tungstate  of 
ammonia  in  my  possession  was  too  small  to  admit 

of  an  accurate  analysis,  but  it  certainly  contained 
a  smaller  proportion  of  acid  than  the  least  solu- 
ble tungstate*    Probably,  therefore,  it  is  s 

coiiipuuud  ot  i  atom  acid  and  1  atom  ammO' 
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nia ;  but  this  must  be  left  for  future  investiga' 
lion. 

7*  Berzelius  precipitated  nitrate  of  lead  by 
means  of  bitungstate  of  ammonia,  and  obtained 

a  tungstatc  of  lead  composed  of 

TuTigstic  acid      .       .  3^'S66 
Protoxide  of  lead        •  14 

48*066 

It  was  obviously  a  bitungstate,  and  quite  differ- 
cnt  from  that  which  I  obtained  fioin  tungstatc  ol 
soda  by  means  of  nitrate  of  iead« 

It  is  evident  from  this,  that  it  would  be  hazard- 
ous to  attempt  the  analysis  of  tungstates  by  means 
of  nitrate  of  lead :  the  precipitate  might  be  either 
a  tiingstate  or  bitungstate  of  lead ;  and  most  fre- 
quently it  would  be  a  mixture  of  both. 


SECT.  VL 

* 

* 

OF  THE  ATOMIC  WEIGHT  OF  COLUHB|UM. 

This  metal  was  discovered  in  ISOl,  by  Mr. 
Hatchett*  in  a  black  mineral  in  the  British  Mu- 
seum, which  had  been  sent  by  Dr.  Winthorp  to 
Sir  Hans  Sloane,  from  Massachussets  in  NorUi 
America.   Mr.  Uatchctt  ibund  the  constituents 

of  this  iumciiil  lu  bu  about 


7^        L&AXltMy  ASIiUi^r,  CUBOMiLJi^  ^4^. 

C<Jiinibic  add  .       77  5 

JProtoxiiie  oi  iron    .       .        1 8-9* 

•   

He  gave  the  metal  the  name  of  odumbniiii,  fiora 

Columbia,  the  ^>etical  name  for  America ;  be- 
cause the  ote  which  cootained  it  Game  froni  that 
quarter  of  die  world. 

About  two  years  afler  Mr.  Hatchett's  paper 
was  published,  there  appeared  in  the  Memoirs  of 
the  Academy  of  Sdenoes  at  Stodchoiro,  the  ana* 

lysis  oi  two  minerals  by  £keberg,  to  which 
that  gentleoiaii  had  given  the  names  of  iaUalitef 

and  yUroianiaUte.  The  former  of  these  minerals 
was  from  Finland,  the  latter  from  the  quarry  of 
Ytterbjr  in  Roslagen,  Sweden*   In  both  of  these 

minerals  Ekebcrg  discovered  the  oxiJe  ol  a  pe- 
culiar metal,  to  which  he  gave  the  name  ot  tan^ 
tabm^  because  it  was  nearly  insoluble  in  the  mio- 
era]  ac  In  1809,  Dr.  \\  olla^stun  demonstrated 
that  the  coiumbium  of  Hatchett  and  the  tanta- 
lum of  Ekeberg  were  one  and  the  same  metal 
Jk  r/eHus,  alleging  that  the  oxide  exaaiiiied  by 
Hatchett  was  merely  a  mixture  of  columbic  and 
tungstic  acids,  has  thought  proper  to  ascribe  the 
discovery  of  this  metal  to  Ekeberg,  and  on  that 
account  has  adopted  the  name  tantalum  assigned 
it  by  Ekeberg. 

*  Mr.  Hatchett  obtained  21  grains  of  peroxide  of  iron.  But  we  knov 
from  a  ^tibMrjiient  aittlyMi  of  BencUitt,  flut  tbe  inm  in  tbe  ore  ■»  ia  ibr 
slate  of  protoxide 
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The  evidence  which  BerzeHus  has  advanced  in 

support  of  this  opinion  is  the  statement  by  Hat- 
chett»  that  when  his  powder  was  fused  with  phos- 
phate of  ammonia  before  the  blow  pipe  in  a  pla- 
tiimtii  spoon,  the  globule,  when  cold,  had  a  deep 
blue  colour,  witli  a  tinge  of  purple.  Now,  it  is 
well  known  that  tungstic  acid  produces  this  eS- 
feet  when  fused  with  phosphate  of  soda  j  where- 
as, coiumbic  acid  melts  with  that  salt  into  a  white 
transparent  globule.  Berzelius  found  tungstic 
acid  in  some  specimens  of  coltmbite^  which  he 
examined,  from  the  neighbourhood  of  Fahlun, 
and  he  was  informed  that  Ekeberghad  examined 
the  coiumbic  acid  of  Hatchett,  and  had  ibund  it  a 
mixture  of  the  oxides  of  columbium  and  tungsten* 
With  respect  to  Mr.  Hatchett^s  experiment, 
it  will  be  impossible  to  account  for  it»  unless  we 
suppose  that  some  tungstate  of  potash,  which  he 
was  obviously  using,  as  i^jpears  from  his  pa* 
per,  had  accidentally  got  into  the  platinum  spoon 
and  produced  the  blue  ocdour  of  the  bead*  That 
the  specimen  ui  tlie  British  Museum,  examined 
by  Mr,  Uatchett,  contained  no  tungsten  is  next 
to  certain,  because  Dr.  WoUaston  did  not  find 
any  in  it ;  and  though  he  made  a  trial  on  pur- 
pose at  my  request,  when  Professor  Berzelius  in- 
formed me  of  his  opinion,  he  was  still  unsuccess- 
fill.  I  conceive,  therefore,  that  it  is  bnt  an  act 
of  justice  to  Ml.  Hatchett  to  retain  the  name 
cobmMumj  which  he  originally  imposed. 
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Both  Hatchett  and  Ekeberg  had  tried,  unsuc- 
cessfiilly  to  reduce  the  oxide  of  columbium  to 

the  metallic  state.  But  Berzelius,  Gahii»  cind 
EggerkZy  were  inore  Micoessfulm  the  year  IBld \ 
and  Berzelius,  in  the  fourth  ydume  of  the  Af- 
haodiipgar,  published  a  detailed  account  of  the 
properties  of  this  metal,  and  the  result  of  a  set 
of  experiments  to  determine  the  proportion  of 
oxygen  with  which  it  unites  in  order  to  be  con- 
verted into  the  white  oxide,  to  which  Hatchett 
gave  the  name  of  columbic  acid. 

Alter  these  introductory  remarks,  I  shall  pro> 
ceed  to  relate  the  experiments  which  I  have 
made  in  order  to  determine  the  atomic  weight  of 
columbic  add* 
£l?dr^  1*  grams  of  oxide  of  columbium,  which 
I  had  procured  irom  the  Finland  irnDcral  called 
tantahte,  was  i'used  in  a  platinum  crucible  with 
six  times  its  weight  of  anhydrous  carbonate  of 
soda  :  water  was  poured  upon  the  fused  mass  to 
soften  it,  and  the  crucible  having  been  inadver- 
tently left  on  the  sand  bath  till  the  water  was 
driven  of]',  1  fbiuul  the  whole  matter  converted 
into  large,  white,  opaque  prismatic  crystals.  The 
quantity  of  salt  and  oxide  having  been  too  great 
for  the  size  of  my  crucible,  1  liad  been  obhged 
to  divide  it  into  two  portions.  After  the  ikst 
portion  had  been  washed  out  of  the  crucible,  I 
repeated  the  fusiou  with  the  second  portion  -  tlie 
fused  mass  was  digested  with  water,  and  the 
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water  driven  off  as  at  flnt  The  result  was  pre- 
cisely the  same.  I  have  been  induced  to  give 
an  account  of  the  appearance  of  these  crystals  as 
a  curious  fact.  I  did  not  examine  tbein,  but 
dissolved  tiie  wiioie  in  water,  expecting  tiiat  it 
would  be  in  my  power  to  form  them  at  pleasure ; 
but  none  of  my  subsequent  attempts  to  obtain 
similar  crystals  was  crowned  with  success. 

The  aqueous  solution  of  the  fused  mass  con* 
tanned  all  the  alkali,  and  the  greatest  part  of  the 
o^dde  of  columbium,  but  not  the  whole.  To  se- 
parate this  undissolved  portion,  which  amounted 
only  to  a  few  grains,  the  liquid  was  passed 
tiirough  the  ^filter.  Tlie  hquid  was  now  decom- 
posed by  sulphuric  acid,  in  order  to  obtain  co* 
lumbic  acid  in  the  state  of  a  hydrate.  This  hy- 
drate was  collected  on  the  filter,  and,  being  well 
washed  with  water,  was  allowed  to  dry  in  the 
open  air. 

iiydrated  columbic  acid  thus  obtained  was 
a  white  tasteless  powder.   When  placed  upon 

Htmus  paper,  it  gave  it  a  lively  red  colour;  and 
yet  I  could  not  detect  in  it  the  presence  of  any 
add.  This  property  had  been  observed  by  Hat* 
chett,  and  induced  him  to  consider  the  oxide  as  an 
acid.  It  was  soluble  in  sulphuric  and  muriatic 
acids;  but  I  could  not  succeed  in  saturating 
these  acids  with  it,  nor  indeed  lu  pejccptibly  di- 
minishing their  acki  properties  ;^*wd  thougii  it 
dissolved  in  the  vegetable  acids»  as  Dr.  WoU 
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laston  hod  discovered,  no  definite  oompouad  or 
crystalBzaUe  salt  seemed  to  be  formed.  Neidier 

could  I  succeed  in  satiuatitig  aii  alkali  witli  it, 
by  boiling  it  in  an  alkaline  ley,  aUfaongh  1  oon- 
tinued  the  process  for  several  weeks. 

The  alkaline  ley  employed  was  a  weak  solu- 
tion of  caustic  soda.  The  solution  was  at  length 
decanted  off,  and,  being  concentrated  on  tbe 
sand  bath,  was  set  aside  for  ^4  hours.  Next 
morning  a  number  of  crystab  were  deposited ; 
they  were  white,  had  a  most  beaut^ol  silky 
lustre,  and  the  form  of  scales  similar  to  boracic 
add.  Mr*  Uatchett  had  formed  similar  crys- 
tals, with  potash  and  columbic  acid ;  but  neither 
Dr.  WoUaston  nor  Professor  Berzehus  obtained 
any  crystaUizable  salt  in  their  ezpenments. 

I  found,  likewise,  that  I  could  obtain  similar 
crystals,  by  concentrating  the  solution  iboned 
by  digesting  water  on  a  mixture  of  1  part  co- 
lumbic acid  and  6  parts  anhydrous  carbonate  of 
soda,  fused  in  a  platinum  crucible. 
CohmiiMte  d.  Columbate  of  soda,  as  these  crystals  may 
be  called,  had  an  alkaline  taste,  and  rendered 
cudbear  paper  purple  ^  but  tbe  salt  contained  no 
excess  of*  soda :  Ant  neither  the  taste  nor  tbe 
power  of  acting  on  cudbear  paper  was  altered  by 
digesting  the  salt  m  alcohoL  When  water  was 
poured  on  these  crystals,  they  assumed  at  first 
the  appearance  of  beautiful  silky  ilocks»  but  gra* 
dually  dissolved.    It  will  be  worth  while  to 
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state  the  eftet  of  reagents  upon  rather  a  dilute 

solutioa  of  this  salt  in  water.  The  reader  may 
compare  these  efiects  widi  the  corresponding 
experiments  by  Hatchett* 

1 .  Prussiate  of  potash — No  change. 

2.  Gallic  acid — The  liquiii  assumed  a  fine  orange^  inclining 

to  red,  but  no  precipitate  fell. 

3.  Tincture  of  nut  galls — The  SMoe* 

4.  Sulphaiiie  add 

5.  Nilric  add        ("^^       white  precipitate  in  floeka. 

6.  Muriatic  add  ) 
7-  Riosphoric  add  "\ 


?>.  Acetic  add  ) 

1 0.  Arsenic  acid — O. 

11.  Oxalic  add-^. 
18.  Tartaric  add^O* 

13.  Oxalate  of  Ammonia^-Q* 

14.  Tartrate  of  potaflh — O* 

15.  NHrate  of  lead — A  copious  mHk  white  precipitate  in 

fiockb,  not  redissolved  bv  nitric  arid.  • 

16.  Sulphate  of  copper — A  milk  white  pi  ec  ipitate. 

17-  Nitrate  of  silver — A  copious  milk  white  precipitate. 
IS,  Sulphate  of  zino— A  milk  white  predpitate. 
1^  Snlphate  of  manganese— The  aame. 
SO.  Nitrate  of  mercoiy— The  same. 

4.  My  next  object  was  to  analyze  this  cohim*  Anaiyik  or 
bate  oi  soda,  in  order  to  determine  the  atomic 
weight  of  columbic  acid* 

(1.)  When  34*25  grains  of  these  crystals  were 
heated  on  the  sand  bath«  they  lost  theii'  siil^y 
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Jiistre,  and  assumed  the  ajqieanince  of  an  opaque 

white  matter  like  chalk  ;  but  at  this  temperature 
the  whole  water  of  crystallizatioa  was  not  driven 
off;  the  salt  waa,  therefore^  exposed  to  a  red 
heat.  The  loss  of  weight  was  11  "^5  giaiua. 
Now»  11*25  is  equivalent  to  10  atoms  of  water. 

(2.)  The  salty  thus  rendered  anhydrous,  was 
digested  for  a  long  time  in  water  acidulated  with 
muriatic  acid.  The  whole  was  then  thrown  on 
a  filter ;  and  the  columbic  acid»  after  being  wdl 
washed,  dried,  and  heated  to  redness^  weighed 
19  grains. 

(3.)  The  muriatic  liquid  was  saturated  with 
carbonate  of  ammonia,  gradually  evaporated  to 
dryness  in  a  platinum  cracible>  and  the  dry  mass 

which  remained  exposed  to  a  heat  sufiicient  to 
expel  the  sal-ammoniac  wluch  constituted  the 
principal  part  of  it  There  remained  a  quantity 
of  common  salt,  which  weighed  ahuust  exactly 
7'5  grains.  This  is  equivalent  to  4  grains  of 
soda. 

From  this  analysis  it  appears,  that  tlie  crystals 
of  columbate  oi'  soda  are  composed  as  follows : 


4  is  equivalent  to  an  atom  of  soda,  and  1 1*^  to 
10  atoms  of  water.   As  the  salt  renders  cudbear 
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paper  purple,  it  is  clear  that  it  can  c  ontain  only 

1  atom  of  columbic  acid  at  the  very  utmost ;  Atoni  or 

consequentiy,  19  miist  represent  the  atomic  ^^dL^^ 

.weight  of  columbic  acid. 

5.  I  found  the  hydrate  of  columbic  acid  (o£m^  ^^^^ 
ed|  by  drying  the  precipitated  acid  io  the  open 
air,  a  compound  of 

1  atfun  oolttmbic  add  19 
7  atonit  water  7*875 


26-875 


Berzelius  seems  to  have  obtained  a  hydrate,  con* 

taininof  a  much  smaller  pi  oportioii  of  water.  Pro- 
bably it  had  been  dried  in  a  much  higher  tem- 
perature than  mine. 

f).  BerzeHus  could  form  only  one  oxide  of  co-  Bendiua* 
iumbium,  namely,  columbic  acid.    He  intbrms^^'S^^II^ 
usy  that,  when  100  parts  of  columbic  add  were*^ 
reduced  to  the  metallic  state,  the  metallic  tan- 
tulum  formed  weighed  94*8*   Now,  if  the  quan- 
tity  of  metal  had  been  f)4737,  instead  of  94*8, 
it  vvoukl  have  exactly  correspondeil  with  the 
atomic  weight  of  columbic  acid  as  above  deter*- 
mined ;  for, 

5*^63  (the  oxygen  in  the  acid)  :  di*737  (the  quantity  of 
bate  in  it)  : :  1 :  18, 

Thus  it  appears,  that  Beizeliui>'  analysis  of  the 
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colambic  acid,  and  my  detennination  of  its  ato* 

mic  weight,  correspond  exceedingly  wdl. 

There  is  no  reason,  therefore,  to  doubt  that 
the  atomic  weight  of  columbiom  is  18 ;  and  that 
columbic  acid  is  a  compound  of  1  atom  coium- 
bium  and  1  atom  oxygen. 

SECT.  VIL 

OF  THE  ATOMIC  WEIGHT  OF  TITANIUM. 

Discovery  TiTANiuM,  in  thc  metalUc  state,  was  discovered 
titanitiiii.  by  Dr.  WoUaston,  in  18^  in  the  slag  at  the 
bottom  of  the  iron  smelting  fomace  at  Meithyr 
Tydvil,  in  South  Wales  ^  and  he  determined  and 
described  its  properties  with  his  usual  sagacity 
and  precision.*  It  has  the  form  of  small  smooth 
cubes,  having  a  red  colour,  exceedingly  similar 
to  that  of  copper.  The  cubes  are  hard  enough 
to  scratch  rock  crystal,  and  cannot  be  fused  by 
the  highest  temperature  which  can  be  raised  by 
the  blow  pipe.  Its  specific  gravity,  as  deter* 
mined  by  Dr.  WoUaston,  is  5-3.  It  is  brittle- 
conducts  electricity.  From  the  situation  in 
which  it  occurs,  we  may  infer  that  it  does  not 
combine  with  iron,  and  Dr.  WoUaston  tried  in 
vain  to  unite  it  with  Iead»  tin*  silveri  and  copper* 

•  FWl.  Tm  ISSS;  p.  r7. 
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These  cubes  of  metallic  titamum  are  not  abso- 
lutdy  free  from  iroo.  Tbey  are  not  sensiUy 
attracted  by  the  magnet;  but  Dr,  Wollaston 
found  that)  when  suspended  by  a  fine  thread,  a 
magnet  drew  it  about  W  degrees  from  the  per* 

pendicular.  He  succccdctl  in  detecting  the 
presence  of  iron  in  it,  and  calculated  tiie  amount 
of  that  metal  at  vfvth  part  of  the  weight  of  the 

titanium.*  From  an  experiment  which  I  shall 
State  below  I  am  disposed  to  conclude,  that  the 
proportUms  of  itoa  present  in  these  oid>68  of  ti- 
tanium is  still  greater  than  tlus. 

When  metallic  titanium  is  heated  in  the  open 
air  its  sntfhce  is  Ofzydized,  assuming  a  blue  or 
rather  purple  colour.  The  process  goes  on  bet- 
ter in  melted  nitre,  and  if  we  add  somft  borax  to 
dissolve  the  oxide  as  it  forms,  the  oxydation  is 
still  fiu:ther  accelerated.  I  found  also,  that  when 
metallic  titanmm  in  powder  was  fused  in  »  ph- 
tinom  crucible  with  carbonate  of  soda,  it  was 
converted  into  protoxide. 

1.  Titanium  appears  capable  of  combinin£r^><ie«or 

tiuuiiitiii 

with  two  doses  oi  oxygen,  and  of  forming  two 
oxides.  The  protoxide  is  Mie,  and  has  been 
ftund  native  in  slender  elongated  octahedrons* 
which  have  been  distinguished  by  the  name  of 
aneUate.  It  has  a  specific  gravity  of  d-8J^7,  ac- 
cording to  Hauy.   The  peroxide,  when  pure,  is 
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snow  wkke.   It  pdasesses  the  properties  of  a 

weak  acid,  and  lias  in  consequence  been  calleil 
iiiank  add  by  M«  H.  Aose,  to  whom  we  owe  by 
far  the  best  set  of  experiments  hitherto  made 
on  it*  Titanic  acid  occurs  native  in  the  form 
of  long  prismsy  or  needles  having  usually  a  red- 
dish colour,  and  therefcnre  called  red  schorl 
It  is  never  quite  pure^  being  always  combined 
with  peroxide  of  iron ;  though  hitherto  no  goo4 
method  has  been  discovered  of  separating  per- 
oxide of  iron  from  titanic  acid,  and  determining 
the  quantity  of  each.  Titanic  add  oocurs^  like- 
wise,  united  to  a  considerable  proportion  of  per- 
oxide iron  in  black  grains  like  gunpowsder, 
and  distinflTuished  bv  the  ^lyiyifff  of  -menaocaitite 
nigrine,  and  iserine,  according  to  the  size  of  tlie 
grains. 

^  M.  H*  Rose  is  Ae .  first  chemist  who  ob- 
tained titanic  acid  in  a  state  of  purity.  It  will 
be  proper,  therefore*  to  state  his  mode  of  pro- 
ceeding before  attempting  to  investigate  the 
atomic  weight  of  tliis  substance.  He  employed 
ruAle  or  red  schorl  ibr .  this  purpose.  The 
mineral  was  reduced  to  ii  fine  powder,  and  fused 
with  thrice  its  weight  of  carbonate  of  potaab^ 
The  mass  was  softened  with  water,  and  the  com- 
pound  of  titanic  aeid,  peroxide  of  iron,  and  p^a- 
ash  was  dissolved  in  muriatic  add,  and  aruxed 
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with  an  excess  ot  ammonia.  Flocks  fell  down, 
which  consisted  of  titanic  add  and  peroxide  of 
iron,  still  in  combination  witii  each  other.  These 
flocks  vfore  washed,  and  put  into  a  flask  while 
still  moisty  and  hydrosulphuret  of  ammonia 
poured  over  them.  In  tliis  situation  the  mixture 
was  iett  tor  some  time.  The  iron  was  gradually 
converted  into  a  sulphuret,  while  the  titanium 
still  continued  in  the  state  of  titanic  acid.  The 
hydrosulphuret  of  ammonia  being  washed  off, 
and  the  residuum  digested  in  muriatic  acid,  the 
iron  was  dissolved,  and  the  titanic  acid  left  be- 
hind in  a  state  of  purity. 

Titanic  acid»  thus  obtained,  has  a  fine  white  Properties 
colour.  When  heated  to  redness  it  becomes  acid, 
yellow,  but  when  cold  the  original  white  colour 
again  appears*  After  exposure  to  a  red  heat,  it 
is  insoluble  in  acids ;  but  when  precipitated 
from  muriatic  acid  by  heat  it  continues  slightly 
solnUe  in  that  acid.  When  precipitated  titanic 
acid  is  digested  in  water,  that  liquid  passes 
milky  through  the  thickest  paper,  and  the  add 
cannot  be  collected  on  the  filter ;  but  this  pro- 
perty is  destroyed  by  an  acid,  or  an  alkali,  or 
even  a  neutral  salt  When  titanic  acid  is  fused 
•with  potash,  and  dissolved  in  muriatic  add,  and 
the  solution  evaporated,  the  titanic  acid  often 
gdatinizes,  but  the  jelly  is  never  eo  stift*  as  that 
of  silica.  When  titanic  acid,  precipitated  by 
heaty  .is  dried  by  a  gentle  lieat,  the  surface  is 
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covered  by  a  brownish  shining  crust.  This  crust 
becomes  white  when  heated  to  redness  but  atiU 
appears  as  if  the  whde  were  coated  with  varnish. 
When  titanic  acid  is  precipitated  by  ammonia, 
and  the  dried  bulky  precipitate  is  heated  to  xed^ 
ness,  we  obtain  a  mass  cohering  together,  bav* 
ing  a  brownish  colour,  an  adamantine  lustre^ 
and  a  good  deal  lesembUuice  to  the  native 
oxide  of  titanium,  called  rutile.  When  titanic 
acid  heated  to  redness  is  Jaid  upon  litmus  p^r 
and  moistcdiied  with  ^ter,  tlie  liquid  belDOMs 

red,  but  tlie  paper  retains  its  blue  colour.  Ti- 
tanic acid  forms  insoluble  compounds  with  the 
alkalies ;  it  combines  with  some  adds,  but  does 
not  neutralize  them.  As  an  acid,  it  is  nearly  as 
feeUe  as  silica  ^  hence  the  difficulty  of  deter* 
mining  its  atomic  weight.  8nch  are  the  pro- 
perties of  titanic  acid  determined  by  M.  Rose. 

3.  I  shall  now  state  the  experimesita  iriiicfa 
have  been  made  to  determine  the  atomic  weigiit 
oi  titanic  acid. 
^^^"^  (1.)  Rose  prepared  a  sulphuret  oi  tiiaiiiiim  in 
niuBi  the  following  way :  Titanic  acid  was  made  into  a 
paste  with  water,  dried,  and  heated  to  redness. 
By  this  contrivance  it  iomed  a  cohering  ma8s» 

which  was  put  into  a  porcelain  tube ;  a  small 
retort,  containing  bisulphuret  ot  carbont  was 
luted  to  one  extremity  of  this  tubc^  and  a  f^aas 

tube  to  tlic  other  extremity.  The  porcelain  tube 
was  he^d  to  redness^  and  then  the  bisulphuret 
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passed  very  slowly  through  it.  The  heat  of  the 
fiimace  was  £Mmd  auffident  to  pioduce  this  ef-r 
feet,  tfaongh  the  letort  was  at  some  distance 
from  it ;  the  process  lasted  six  hours.  When  it 
was  terminated,  the  gbas  tube  was  sealed  her- 
metically, that  the  sulphuret  of  titanium  might 
cool,  while  surrounded  with  the  vapour  of  bi- 
sulphiuret  of  carbon. 

Sulphuret  of  titanium  thu^  formed  has  a  dark 
green  colour.  When  rubbed  against  a  hard 
body,  it  assumes  the  metallic  lustre the  streak 
is  brass  yellow.  When  heated  in  an  open  vessel, 
it  bums  with  a  blue  flame,  giving  out  the  I'uines 
of  sulphur,  and  leaves  titanic  add.  When  heated 
uritb  nitric  add,  nitrous  gas  is  given  out,  and  ti- 
tanic acid  is  formed,  while  sulphur  separates. 

1017  gramme  of  sulphuret  of  titanium,  when  ^"*i7>«i* 
burned  on  a  platinum  plate,  left  0-757  of  titanic 
add.    Hence,  1000  would  have  ieil  0*7443  ti- 
tanic add. 

0*19  of  sulphuret  of  titanium,  were  digested 
far  eight  days  in  nitro-muriatic  acid,  till  Uie  aul* 
pbur  was  addified.  The  titanic  add  was  then 
precipitated  by  ammonia,  and  the  sulphuric  acid 
by  means  of  muriate  of  barytes.  The  sulphate 
barytes  obtauped  weighed  0*679*  Hence, 

KXX)  sulphuret  of  titanium  would  have  given 

3*5737  of  sulphate  q£  barytes,  equivalent  to 
0*48457  aulpbur. 

If  we  subtract  the  0484^7  sulphur  firom  I'CKX), 
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the  original  wciglit  of  the  solphtiret  of  tHanitimv 
we  obtain  0*^154^  for  the  titanium  in  the  cum- 
pound.   Heooe»  its  otmstituents  must  be 

Titanium       51 -543     or  4-2547 
Sulphur        48*457      -  4 

lOOKKW 

4  representing  the  weight  of  two  atoms  of  suL 
phur,  it  follows  from  this  experiment  that  tbe 
compound  is  a  bisulphuret,  and  that  an  atom  of 
titanium  weighs  4*^47* 

But  the  titanic  acid  from  IHXX)  of  sulpbaret 
of  titanium  was  0*7443  j  which,  as  appears  from 
the  preceding  calculations,  contained  0*dX^»4S  of 
titanium.  Hence,  titanic  acid  must  be  a  com- 
pound of 

Titniiim      0-5154    or  4*5055 
Oxygen        08S89     -  ft 

0-7443 

2  representing  the  weight  of  two  atoms  of  oxy- 
gen, 4-5035  must  represent  the  weight  oi  an 
atom  of  titanium* 

Thusy  from  the  analysis  of  bisulphuret  cf  ti« 
tanium  by  Rose,  we  have  obtained  two  dililient 
atomic  weights  of  titanium,  namely  4*d5  and 
4*5.  I  am  disposed  to  consider  the  weight  de* 
rived  from  the  sulphur  found  by  experiment,  to 
be  nearest  the  truth,  as  it  is  not  absolutely  cer- 
tain that  the  whole  titanium  was  converted  inlo 


titanic  acid  by  the  comlmiption.  A  Itttle  of  it 
may  have  coaUaueil  lu  the  metallic  state,  or 
hwe  been  only,  converted  into  protoxide  of  ti- 
tanium. 

This  experiment  certainly  gives  us  a  near  ap» 
proximatioo  to  the  atomic  weight  of  titanium, 

though  the  want  of  exact  agreement  between  the 
parts  oi*  it  shows  us  tluU  it  is  not  quite  accur 
latie. 

(2.)  It  occurred  to  nie  that  I  might  probably  AciiUtica. 
come  tolerably  near  the  truth  by  aciditying  me*  ttidum. 
tallic  titanium  by  means  of  a  mixture  of  potash 
and  nitre,  and  determining  the  increase  of 
weight*  I  took  a  quantity  of  metalUc  titanium^ 
wbfich  I  had  procured  from  the  slag  of  the  fur- 
nace at  Merthyr  Tydvil,  and  mixing  it  with 
potash  and  nitre^  exposed  it  to  a  red  heat  in  a 
platinum  crucible.  The  titaiuum  was  acidified, 
but  the  nitre  and  potash  iiad  acted  on  tlie  cru- 
cible^ blackened  its  interior  ^surface,  and  oxy- 
dized  11  giains  of  the  platinum  which  were 
mixed  with  the  jtitanic  acid*  I  attempted  to  se- 
parate this  oxide  of  platinum  from  the  titanic 
acid  f  but  the  result  was  not  quite  satisfactory. 
I  tb^eibre  repeated  the  experiment  in  a  small 
green  glass  i:etort  4  grains  of  metallic  titanium, 
37 •0.;  grains  of  nitre,  and  grains  of  caustic 
pgta$h,  were  mixed  togetliei',  audkeptfor  half  an 
hcMir  in  a  dull  red  heat  in  a  green  glass  retort,  the 
WQ^^t  of  wiuch  had  been  previo,ui^lj^'  dctei  rniued. 

'f4.  " 
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The  whole  was  dien  washed  out  df  the  glass  witt 

distilled  water,  and  dissolved  in  muriatic  acid, 
leaving  12*63  gfains  of  melallic  titaniiim  behuMli 
80  that  1*37  grain  of  the  titanium  had  been 
converted  into  titanic  acid.  This  titanic  acid 
was  obtained  partly  bj  boiling  the  flfturialic  lo* 
lution,  and  partly  by  mixinf^  the  teridual  liquid 
with  ammonia,  evapoiating  to  dryness,  and 
ledissolving.  The  whole  titanic  add,  after  bsiiig 
heated  to  redness,  weighed  d'185  grains ;  it  wis 
white*  but  had  a  shade  of  brown,  indicating  the 
presence  of  pero3dde  of  iron,  which  however  I 
did  not  succeed  in  separating  by  means  of  mu- 
riatic acid.  The  retort,  in  which  the  titanium 
had  been  heated,  had  lost  0*1  grain  of  its  weiglit-, 
deducting  this  for  silica,  the  true  weight  of  tke 
titanic  acid  was  And  as  the  weight  of 

the  titanium  fMti  which  it  had  been  fimed 
was  1  •  3  / ,  it  is  evident  that  titanic  acid  is  a  com* 
pound  of 

Titanium       137      or  3-8322 
Oxygen         07  J  5      -  2 

The  result  of  this  experiment  gives  us  S'SS^ 
for  the  atomic  weight  of  titanium.  Though  it 
was  repeated  again^  the  result  did  not  di0^  ma- 
terially from  what  has  been  stated.  It  is  ex- 
tremely difficult  to  obtain  titanic  acid  periectly 
free  from  all  traces  of  potash  when  prepared  fo 
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the  wagr  just  stated*  Uance^  its  weight  maj 
Iittve  exceeded  the  truth  a  little  $  hadthepotadi 

in  it  atuouated  to  0*035  graiuj  the  atomic  weight 
ef  titantufn  would  have  eooie  out  exactly  4.  I 
am  dispoied  to  consider  the  mean  of  the  weight 
derived  from  the  sulphuret,  and  from  the  add 
ebtiuiied  £K>m  metaHic  titaniimiy  as  coming  ntj 
near  the  truth.  Now,  this  mean  is  4*04«d4; 
which  comes  so  near  4^  that  we  may  without 
hesitation  pitch  upon  that  number  as  the  true 
atomic  weight  of  titanium.  The  atomic  weight 
of  titanic  acid  is  6,  and  that  of  protojude  of  ti- 
tanmm  undoubtedly  6. 

(3.)  M.  H.  Rose  employed  another  methpd  BadoiM* 
to  determine  the  saturating  power  of  titanic  atoiYi^  of 
add.   He  mixed  determinate  weights  0f  it  with ^dduid ti. 
anhydrous  carbonate  of  soda,  and  exposing  the 
mixture  to  a  red  heat,  ascertained  how  much 
carbonic  add  gae  was  driven  off  precisely  in 
the  way  described  in  a  preceding  part  of  this 
work,  when  I  tried  by  a  similar  process  to  de- 
termine the  atomic  weight  of  silica*   Th^  fol- 
lowing table  exhibits  the  results  of  RoHe's  ^^pQ- 
riraents. 


SftpCTfaneBts. 

Ittaotc  acid 

CHrbouj|t€i  of, 
Sodftwed. 

(/•riwoic  acid 
•speUad. 

Atomic 
weight  of  ti- 
tanic acid. 

1 

0-5U 

8-595 

0-252 

5-913 

8 

0  621 

3  6f^|. 

0-318 

5-396 

S 

9-4^9 

2453 

0-234 

5-512 

4 

0  3055 

4r»255 

0-1475 

5-69r» 

5 

0416 

4il8 

I  0-2300 
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it  is  obfious  tbat  the  titaoic  add  occupied 
the  phce  of  the  caribooic  add  expelled;  hepo^ 

if  we  suppose  that  the  whole  titanic  acid  com- 
bined Wh  the  soda,  we  can  easily  &om  theae 
e]qieciiiieot8  detennine  the  atomic  weight  of  ti- 
tanic acid.  For  as  tiie  carbonic  acid  expelled 
is  to  the  titanic  add  em{doyed»  so  is  £^75  (the 
atom  of  carbonic  add)  to  the  atom  of  titanic 
acid.  In  this  way,  the  uumbei^  in  the  last  co- 
lumn of  this  table  were  catcidated.  The  resiiilti 
.  obtained  from  these  experiments,  do  not  agree 
with  each  otlier.  Tlie  smallest  atomic  weight 
of  the  acid  derived  from  them  is  5*dd6,  and  the 
greatest  5-05 i^.  It  is  obvious  that  in  experiaiLnts 
of  this  nature,  where  we  have  no  certain  criterion 
to  determine  whether  the  whole  titanic  add  has 
combined  with  the  soda,  the  highest  result  must 
come  nearest  the  truth.  Consequently,  5*954 
is  the  most  accurate  atomic  wdght  of  titanic 
acid  derived  from  these  experiments.  Now, 
this  number  differs  less  than  one  per  cent,  from 
6,  the  atomic  weight  of  this  add,  which  I  con- 
sider as  the  most  probable  deduction  from  otlicr 
experiments:  it  is  therefore  a  confirmation  of 
that  deduction,  and,  together  with  my  own 
experiment,  shows  that  the  atomic  weight  of 
this  add  cannot  be  so  high  as  6*S5. 
Analysis  of  (4.)  M.  Rosc  formcd  combinations  of  titsnic 
«ie  offoda.  acid  with  the  two  hxed  alkalies,  potash  and  soda. 
His  method  was,  to  fuse  adeterminate  weight  of 
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titank  acid  with  carixxuite  of  soda  or  carbonate 
of  potash ;  to  dinbivv  tiie  fm^  naaas  in  water, 

and  pass  tiie  whole  through  a  filter.  The  com- 
pound  of  titttoic  acid  and  tlie  .aU»ii  nemaxned  on 
the  fflter ;  it  was  washed  and  dried  in  the  open 
air.  Being  lieated  to  redness  to  drive  off  the 
water,  the  loa^  of  weight  was  noted,  and  the  ex- 
cess  of  the  weight  of  the  anhydrous  salt  above 
that  of  the  titanic  acid  was  considered  as  the  al« 
kaU. 

The  mean  of  two  experiments  conducted  in 
this  way  gives  the  constituents  of  titaniate  oi  soda 
as  follows : 

Titanic  add    75'\0    or   J 9  737 

Socia        .        15'22      -  4 
Water     .        968     -  2-64t 


It  would  seem  from  this  to  be  a  compound  of 

3  atoms  titanic  acid,  1  atom  soda,  and  2  atoms 
water.  If  we  consider  the  atomic  weight  of 
titanic  add  to  be  6,  then  the  true  constitution  of 
the  salt  will  be 


100-00 


S  atoms  titanic  add 
1  atom  soda  • 
H  aloaia  water  • 


18 
4 

2-25 


>  84-25 


But  the  atomic  weight  of  titanic  acid  will  be  (if 
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we  suppose  the  experimeQts  of  Rose  perfectly 

exact)  ^-^i^  -  6?579»  a  quantitjf  which  certaialy 

exceeds  the  tiuth  tmnewhat* 
otquinte     The  constitueots  oi  titaniate  of  potash^  de> 
paiMii.    temiiiied  in  the  sanie  way,  fit>iii  a  mean  of  two 

experimentSy  are 

TiUiiic«ci4     82-33     or  Si^-gSS 
Potash    .      17-67     -  6 

10000 

Hence  it  would  seem  to  be  a  compound  of  5 

atoms  of  titanic  acid  and  1  atom  oi  potash. 
Now,  i-  5*59h  which  con^^titutes  the 

weight  of  an  atom  of  titanic  acid^  according  io 
these  experiments.  Thus  we  have  two  atomic 
weights  of  titanic  add : 

1*  Prom  titaniate  of  flodft  6*579 

S)  ia-170 

Mean 

i\  number  which  does  not  exceed  G  by  much 
more  than  1  per  cent. 
comiMiiii.     (^0  Aose  fbuQd  that  titanic  add  is  likeiriae 

iin*;c*lc?d  capaljle  of  combining  with  acids.    Let  us  see 
aiid^iphu.  ^ii^i  deductions  can  be  drawn  Irom  these  com- 
pounds. 

Titaniate  oi  potash  was  dissolved  in  muriatic 
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acid,  and  sulphuric  add  poured  into  the  solu- 
tion. A  combination  of  titanic  acid  and  sul- 
phuric add  precipitated.  It  was  washed,  dried, 
dissolved  in  muriatic  add,  and  analyzed  by 
throwing  down  the  titanic  acid  by  ammonia, 
and  the  sulphuric  ^acid  by  muriate  of  barytes* 
The  constituents  were 

Sulphuric  add      7*78  or  H 

Titanic  acid  76'83  -  49*377 
Water        •      15-39    -  p«^0 


100*00 


It  was  probably  a  compound  of 

1  atflo  tulpliaric  mad  5 

S  atonoB  titamc  adil  4S 

*  0 

9  atoms  water  10*185 


63-125 


If  we  take  Rose's  analysis  as  perfectly  exacts 
then  the  atomic  weight  of  titanic  acid  will  be 

By  a  similar  process  he  obtained  a  combina- «J«««i«c 
tion  of  titanic  acid  and  oxalic  add,  a  white  com- 
pound, composed  (from  a  mean  of  two  analyses) 

of 

Oulicacid        10*405  «r  4*5 
Titanic  acid       74095    -  SS-045 
Water      .        15-500    -  6*703 

lOO'OQO 
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It  is  probably  a  Gompouod  of 

1  atom  oxalic  acid 

5  atoms  titanic  acid  • 

6  stoins  wtfeer 

If  we  calculate  from  Hose's  analysis,  the  atomic 
weight  of  titanic  acid  will  be  ^-^f^  =  6*4Q9« 
Thus  no  fewer  than  eight  values  have  been 
ri^'ifLS^  obtained  for  the  atomic  weight  of  titanic  acid. 

1.  From  the  analysis  of  the  sulphuret         .  6*250 

2.  From  titanic  add  from  a  given  weight  of  aui« 

phuret   

3.  From  the  acidification  of  titanium   •      .  5*8S8 

4.  From  the  deoompoation  of  carbonate  of  soda  5'd54 

5.  From  the  titiniateof  soda            *      •  6*579 

6.  From  Utaniate  of  potash        .       .       .  5*591 
7*  From  the  compound  of  titanic  and  sulphuric 

acids  •       6' 171 

8.  From  ditto  of  titanic  and  osalic  adds     •  6^409 

The  mean  of  all  these  values  gives  us  6*l6l 

for  the  atomic  weight;  and  if  we  were  to  re- 
ject the  secoud  value,  which  seems  least  likely 
to  be  correct,  the  weight  would  be  6*1 1£» 
Now,  from  the  law  which  has  been  so  amply 
confirmed  in  the  preceding  chapters  of  this  work, 
it  follows,  that  the  true  weight  must  be  either  6 
or  6'25  ;  and,  as  6*112  is  nearest  the  former 
of  these  numbers,  6,  in  all  probability,  is  the  true 

atomic  weight  of  titanic  acid. 

le 


Digitized  by  Google 


TITANIUM.  95 

4.  But  it  was  the  oompositkm  of  menaccanite  Amiyda  or 
which  induced  ine  to  fix  upon  6  as  tlie  ti  uc  ato-  ite. 
mic  weight  of  titanic  add*  We  have  four  dif- 
fermt  analyses  of  menaccanite  hy  Ghregor,  Kla* 
protb,  Lampadius,  and  Chenevix ;  but»  as  the  ore, 
in  the  state  in  which  it  occurred  in  the  valley  of 
Menaccan,  is  a  mixture  of  menaccanite  and 
small  grains  of  octahedral  iron  ore^  and  as  none 
of  these  gentlemen  seems  to  have  taken  the 
trouble  to  separate  the  true  menaccanite  from 
the  iron  ore,  no  dependence  can  be  put  upon 
the  results  which  they  obtained.  The  specimen 
of  menaccanite  analyzed  in  my  laboratory  had 
been  given  me  by  Mr.  Gregor  himself^  to  whom 
we  owe  the  first  knowledge  of  the  substance. 
He  had  collected  it  himself;  and  he  assured  me 
that  it  was  a  portion  of  the  very  quantity  which 
he  had  himself  sntgected  to  analysis.  The  largest 
particles  of  the  ore  were  picked  out,  and  great 
care  was  taken  to  reject  every  particle  which 
was  in  the  slightest  degree  obedient  to  the  mag- 
net. 

The  ore  was  reduced  to  a  very  fine  powder, 

and  was  digested  in  a  platinum  matrass,  with 
muriatic  acid,  till  ail  action  was  at  an  end.  Tl^ 
titanic  acid  remained,  and  was  collected  on  a 
filtej-,  and  washed  with  water  acidulated  with 
muriatic  acid.  It  was  then  dried,  ignited,  and 
weighed. 

Tiic  filtcicd  lit^uid  iiud  d  ^ieciiisli  yellow  cu- 
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lour*  Whea  heated  with  nitric  acid  it  became 
brown,  riimdng  the  evolution  of  nitrous  gat,  and 
at  last,  when  the  gas  had  escaped,  it  became  yel- 
low* The  peroxide  of  iron  was  precipitated  with 
ammonia,  ignited,  and  weighed*  Its  ookmr  in. 
dicaUiig  the  presence  of  manganese,  it  was  dis- 
iolved  in  muriatic  add  (with  the  exception  of  a 
few  flocks  of  titanic  acid),  evaporated  to  drjw 
ness,  and  redissolved  in  water  acidulated  by  mu- 
riatic add.  The  peroxide  of  ma  was  precipi- 
tated hy  benzeate  of  soda.  The  filtered  liquid 
was  mixed  with  carbonate  of  soda,  and  boUed  for 
some  time:  a  brownish  precipitate  fell,  which 
possessed  the  characters  of  oxide  of  manganese. 
There  could  be  no  doubt  £rom  the  appearances 
that  both  the  iron  and  manganese  exist  in  me- 
naccanite  in  the  state  of  protoxide.  The  resok 
of  the  analysis  was  as  follows ; 

Titanic  add  57-6SS      or  &iu 

Fhitaiickof  iron  40-1081 
Proloside  of  manganese     2*2 10  J 

100*000 

The  two  protoxides,  having  the  same  ilomic 

weight,  may  be  included  togethei\  By  tliis  ana- 
lysis, the  atomic  weight  of  titanic  acid  was  6'l34b 
NoWt  it  was  certain  that  it  had  not  been  quite 

freed  from  uou  ;  lor  its  colour  was  grey,  and  not 
snow  white.   And  Rose  has  shown  that  liunic 
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add  cannot  be  completely  freed  from  iron  by 
acids.  Now,  6*134»  is  very  near  6*lti4%  the  weight 
deduced  from  a  mean  of  all  the  other  experi« 

raents  related  in  this  section  ^  but  we  are  cer- 
tam  that  6*134  is  a  little  too  high.    Couse- Tn:e  uto. 
quently,  the  true  atomic  weight  of  titanic  acid  of  ti^nic 
must  be  6,  and  not  6*25^  or  any  intermediute 
number. 

It  is  obvious  that  menaccanite  is  a  simple  ti* 

taniate  of  iron,  or  a  compound  of  1  atoin  titanic 
add  and  1  atom  protoxide  of  iron. '  Hence  the 
true  constitution  of  the  ore  is 

J  atom  titanic  acid  6*0  '  or    57- 143 

1  atom  proloxiiie  oi  iron     4-5      -  42*857 


10-5  100 

If  any  confidence  can  be  put  in  the  analysis  of  Nignne. 
Klaprothy  nigrine  is  a  compound  of  4  atoms  ti- 
tanic acid  and  1  atom  protoxide  of  iron  ^  or,  nu- 
merically, 

4  atoms  titanic  acid        .  24 
I  atom  protoxide  of  iron  4*5 

SS'5 

I  do  not  notice  the  manganese,  because  its  ato- 
mic weight  agrees  with  that  of  iron. 
Iserine  is  probably  identical  in  its  composition  isenne. 

with  menaccane ; — ^but  no  analysis  of  it  hitherto 
made  can  be  depended  on  ^  for  it  is  much  mix- 
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ed  with  foreign  bodies,  and,  on  account  of  the 

small  size  of  the  grains,  these  caimot  be  sepafat- 
ed  completely  from  the  true  iserine* 

The  only  remaining  known  ore  of  thaniiun 
(except  the  oxides)  is  spliene^  which  Rose  has 
recently  analyzed  anew,  and  found  to  consist  of 
an  integrant  particle  of  trisilicate  of  lime^  unitod 
to  an  integrant  particle  of  trititaniate  of  liiae. 
Hence  it  consists  of 

JoUom  triBilicate  of  lime  9*^ 
1  atom  trititaniate  of  Ihne  21*5 

*""^^ 
SI 

Or,  its  constituents  may  be  stated  in  this  way : 

3  atoms  silica  6     or  19*355 

3  atoms  titanic  add  IS  -  58*064 
2  atoms  Ihne  7     *  SS-5S1 

31  100 

This  differs  very  considerably  iiura  the  anaipi^ 
of  Klaproth  \  but  that  chemist  was  not  in  posses* 
sion  of  a  good  method  of  separating  titanic  acid 
from  silica. 
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OF  THE  ATOMIC  WEIGHTS  OF  THE 

COMBUSTIBLE  ACIDS. 

The  adds  formed  in  organized  vegetable  bodies, 

or  by  the  action  of  nitric  acid  on  organized  bodies, 
contain  (with  a  very  few  exceptions)  botii  car- 
bon  and  hydrogen,  united  to  ox}'gen  in  various 
proportions.  When  these  acids  are  combined 
with  a  base,  and  distilled  in  a  retort,  they  all 
give  out  combustible  gases  $  most  of  them  form 
oils,  and  several  of  thein  leave  behind  them  a 
quantity  of  charcoal.  All  of  tiiem,  therefore, 
when  decomposed  by  beat,  resolve  themselves 
partly  into  coaibubtiblc  products,  while  this  is 
not  tlie  case  with  any  of  tlie  acids  composed  of 
a  single  base  united  to  oxygen,  or  chlorine, 
or  iodine.  This  difference  has  induced  nie  to 
distinguish  the  acids  with  compound  bases  by 
the  name  of  combustible  adds. 

About  thirty  combustible  acids  have  been  de- 
scribed by  chemists,  and  distinguished  by  parti- 
cular names ;  but  by  far  the  greater  number  of 
these  bodies  are  of  rare  occurrence,  and  conse- 
quently, in  a  theoretical  point  of  view,  of  very 
inferior  importance.    There  are  six  of  them 

G2 
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'  which  are  very  much  employed  in  chemical  ana* 

lyses,  and  with  which,  theicfbre,  every  chemist 
ought  to  be  iatniliarly  acquainted^  and  there 
are  some  others  which,  though  scarcely  ever  em- 
ployed in  chemical  investigations,  yet  have  ac- 
quired considerable  importance  in  consequence 
of  their  connection  with  the  physiology  of  vege- 
tables, or  animals.  I  shall,  thereibre,  in  this 
chapter  treat  of  the  atomic  weights  of  nine  dit 
ferent  combustible  acids. 

SECT.  L 

OF  THE  ATOMIC  WEIGHT  OF  OXALIC  ACID. 

'  This  is,  upon  the  whole,  the  most  important  of 
all  tlie  combustible  acids  as  far  as  chemical  ana* 
lysis  is  concerned.  It  is  usually  crystallized, 
and  the  apparent  figure  is  a  tiat  four-sided  prism 
terminated  by  a  bihedral  summit;  but  Mn 
Brooke  inlbuns  us  that  the  primary  form  is  an 
^l^^f^  oblique  rhombic  prism.  The  rhombic  base»  to 
•lie  add.*  the  unexperienced  eye,  passes  for  one  of  the 
sides  of  the  flat  prism  j  and  as  the  crystal  is 
usually  attached  by  one  of  its  sides^  two  of  the . 
lateral  faces  appear  to  the  eye  as  the. dihedral 
summit.  Two  of  the  opposite  lateral  edges  are 
usually  deeply  truncated^  which  makes  the  prism 
six-sided  instead  of  four-sided.*    T'lese  crystals 

•  AnnalH  of  Philosopliy,  (!»econd  Mirieb)  M. 
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being  always  ia  the  same  state,  it  i3  of  impor- 
tance to  know  with  predaton  the  wdght  of  them 
capable  of  neutralizing  an  atom  of  each  of  the 
bases*  The  ibUowing  experiments  were  made 
to  determine  this  point. 

1.  Nine  grains  of  crystals  of  oxahc  acid  were  compoai- 
dissolved  in  distilled  water,  neutralized  by  am*ci7«taU 
inonia,  and  evaporated  to  dryness  by  a  very 
gentle  heat,  in  order  to  get  rid  of  all  excess  of 
ammonia.  The  oxalate  of  ammonia,  thus  formed, 
was  redissolved  in  wat^* 

6^25  grains  of  pure  calcareous  spar  were  dis* 
solved  in  vexy  dilute  muriatic  acid  $  the  solution 
was  slowly  evaporated  to  dryness,  twice  succes- 
sively, in  order  to  drive  off  any  excess  of  acid 
which  might  have  been  present ;  and  the  muriate 
ot'  lime,  thus  rendered  neutral,  was  redissolved 
in  water. 

These  two  solutions  being  mixed  together,  a 

double  decomposition  took  place,  and  the  inso- 
luble oxalate  of  lime  gradually  precipitated  to 
the  bottom,  leaving  a  clear  and  transparent  li- 
quor, containing  in  solution  the  mmuite  ol  am- 
monia formed  by  the  mutual  decomposition  of 
the  two  salts.  This  liquid,  being  tested  by  oxa- 
late of  ammonia  and  by  muriate  of  lime,  was 
not  affected  by  either  of  these  reagents,  showing 
that  it  contained  no  sensible  quantity  either  of 
lime  or  of  oxalic  acid. — From  this  experiment  it 
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is  evidentt  that  the  oxalic  acid  in  9  grains  of  the 
cryetalsjust  saturates  aU  the  lime  in  6*^  grains 
of  calcareous  spar;  but  it  has  been  already 
shown  that  the  quantity  of  lime  in  6*^  grains 
of  the  carbonate  is  3*5  grains,  which  is  equiva* 
lent  to  the  atom  of  lime.  As  the  oxalate  of 
lime  formed  is  quite  neutral,  the  oxalic  acid 
united  to  [he  lime  must  be  equivalent  to  an  atom 
of  that  acid.  Thus  it  appeals,  that  9  of  the  crys- 
tallized acid  is  the  equivalent  for  an  atoni  of  the 
acid. 

S«  The  oxalate  of  lime,  formed  in  tlie  preced- 
ing experiment,  was  collected  on  a  double  filter, 

and  after  being  well  washed  with  distiiied  water, 
was-  dried  in  a  temperature  between  90^  and 
lOQf* ;  its  weight  was  10*S5  gi'ains.  Being  kept 
for  some  hours  in  the  tempeiatuie  of  o(>0%  its 
weight  was  reduced  to  8  grains,  and  it  still  pos» 
sessed  all  the  characters  of  oxalate  of  lime.  Now, 
3*5  grains  of  the  salt  were  lime  ^  hence,  the 
weight  of  the  oxalic  acid  necessary  to  saturate 
Atomic  an  atom  of  lime  is  8  —  3'5  =  4t*5.  And,  since 
tiMMid.  the  salt  IS  neutral,  4*5  must  be  the  weight  ot  an 
atom  of  oxalic  acid* 

d.  The  4*5  grains  constituted  the  quantity 
of  real  oxalic  acid  in  9  grains  of  the  crystals. 
The  rest  of  llic  wei'^ht  must  consist  of  water. 
CoDiiequeotly,  oxalic  ucid  crystals  are  couiposal 
of 
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Oxalie  acid  * 
Water 


4*5  as  I  atom 

4*5  =  4  SiXomA 


9 


Thus,  the  crystals  contain  just  half  their  weight 
of  water,  as  was  pointed  out  long  agd  by  Vau- 
quelin**  « 

•  Uiidentaiidii«tlnladNmicallKtiid^4)f  wim 
tidii  I  cnlHttinavefy  high  opinioo,  faadtMcd,  tbatliw  uvUbrm  resuk  of 
his  eiperlttentt  wai,  ttekAeoTftds  of  ooHeacid  contain  onlj  3  atgns 
«r  mlnr  iaiKad  of  4^  «iid  Ifait  they  aie  eonpond  of 


I  was  indiioed  to  tepett  the  efparfnwnli  iii  the  text  with  cvcr|r  possible  au 
tntkm  lo  accuracy,  and  to  extend  tiMm  •  good  deal  fittttNr.    il  maj  b0 

proper  to  ilalc  here  the' result  of  these  new  experiments. 

I.  18  (  =  9  X  2  )  grains  of  the  crystals  of  oxalic  acid  were  dissolved 
io  water,  supersaturated  with  ammonia,  the  solution  <rvaporatcd  to  dryness 
iu  a  gentle  heat,  and  the  oxalate  of  airunonia  left  redissolvcil  h\  water. 

\'l:'>  Tvmus  of  wry  ])utv  calcareous  sjjar  were  disriolved  in  nitric  ai  nl,  the 
soJution  eNaporatetl  to  dryness,  and  die  residual  salt  Ix'ing  beateii  sutii- 
ciently  to  drive  off  any  excess  of  acid  whicli  it  containe<l,  was  rcdissolved 
in  water.  Thi-si'  two  -oluuons  were  mixed  together,  and  after  the  oxalate 
vf  lime  huil  sultsitk'd,  the  clear  lirjnid  was  tested  witJi  muriaic  ul'  lime  and 
oxalate  of  aramoiu  i,  hut  was  nul  aHcclctl  by  citijcr,  allowing  that  it  con- 
tained neither  lime  nur  oxalic  acid. — T\n&  experiment  agrees  with  the  ttM 
stated  in  the  text;  the  only  difference  being  Uie  subatituttoa  of  nitric  add 


lot  muriatic  add  to  dis«^  the  lima.  It  dMmt^  tliik  die  aulic  aeU  in  9 
gninaoftiiecryitab  jitstMrtiif«laa3^5gnint  of  linu^  wliicli  b  equtvalm 

2.  The  preceding  experiment  wm  r^xjatcd,  whh  tUtdiftrcnoe,  tfaat,  hi- 
«eid  of  9  graiM  flf  oxdie  acid  I  anbriitalBd  B«75  gnuna  of  tte 
iw Aio  ^  f^pffif^  — 1^  w^j\»       ♦Kg  mmKm  a«  In  fliiw    iha  wwdwal  liquid 

waindliMraflteledbjroMlaleof anunooianor nnrialeoflinwb  TUaes., 
pafttMBt  Aoin^  thai  8^6  giaina  cf  osable  of  ammoiiiaaad  9  giaiiif  of 
oulfe  add  oTilali^  oonlib  the  same  wffi^  of  f«Bl  osalfe 


1  alum  auhydroiwadd 
3  atomik  water  . 


4-5 
3-375 


7-675 
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• 

4.  The  oxalate  of  lime  dried  at  95^  lost 

giaiiiii  of  its  weight  when  kept  in  the  tempera- 
ture of  560°;  and»  as  the  salt  coDtinued  still 
neutral,  this  loss  roust  have  been  owing  to  the 

■ 

3.  9gniiuofosalkaddcryatdiw«Kedinolredmwater, 
of  anhydrous  carix>natc  of  sodft  ficre  tfirown  into  the  solution  :  an  cflU'Wt* 
c«ncc  took  places  and  the  carbonate  gradually  diminufaed  in  bulk ;  but  the 
liqaid  soon  becant  mnddjf  i  and  the  whole  carbonate  nam  diMppeared 
thongfa  the  effertaioeBce  comfrfelely  atoppad.  I,  tfancfive,  rrapcMrated  the 
liquid  to  drynen  in  a  go^e  bei^  and  pouring  water  upon  tlie  dry  salt,  di- 
gested it  for  a  considerable  time  on  the  sand  bath.  At  first  the  liquid  red- 
tknt-d  vegctnbic  blues  strongly  ;  but  the  property  becfune  gradually  weaker 
and  wcnVcr,  and  after  IR  liDiirs'  digi>stJon  T  foufid  tJie  liquid  perfectly  neu- 
tral. From  this  experiment  it  appear^  that  ii  ^ra.ins  of  oxalic  acid  crystals 
just  saturate  4<  grains  of  soda,  which  is  the  quantity  of  that  alkali  e-nit*»iru>A 
in  6*75  grains  of  nnJiydrous  carbonate. 

i.  1  mixed  togctJier  wluiions  ot  (ixalit  ;u  id  crystijls  and  anhydrous  car- 
l>onate  of  potash,  in  the  proporiiun  oi'  ^^niins  ot  tlie  Ibrmer  to  8-7^  grains 
of  liie  latter.  Ttiis  solution,  by  evaporiitmn,  yielded  crystals  of  oxalate  of 
HtTimonta  to  the  very  last  di  op  ; — tiiesc-  cr^'^ala  were  neutrai,  and  had  the 
siiape  aiid  pruperties  of  oxalate  of  potash. 

5.  9  grains  of  Uie  crj  ^uds  of  oxalic  add  weretli!>4solved  in  vvau  r,  batui  ou  d 
with  ammoiiia^  and  the  solution  heated  till  ever)-  trace  of  aimnonia  in  ex- 
cess had  disappeared.  23*025  grains  of  cry&tala  of  acetate  of  lead  were 
than  diwJyad  in  wMr  witti  the  aasistance  of  beat,  and  the  two  solution* 
wnvmiaadtoftfter:  the  onlate  of  kad,  wUefa  waa  fiinned,  sub«M  in 
tlia  bottom  ««fy  hm,  ill  coaaay—cnof  ita  great  weigtit,  and  kft  Ifaa  «aptr. 
naiant  liquid  quiia  tnmymmiL  and  cohmriam  TUa  ligiiad  waatnuadwiih 
mnffiala  of  lime  and  anlidiila  of  aod%  but  waa  not  In  Hit  kaH  ■llif  wl  by 
cMmt  ;  dKming  that  It  oontaitted  no  aanalHa  quantity  akbcr  of  osaHc  add 
oroddaoTM  Now,  SS<68ft  yabaoracMMtatr  lead CMrtiAijail  M 
gnfaMioro«idaoriaa4»«bkbiao9ttifd«iltnnni*ani.  Item  tbiftei|«i. 
nian%  liko  fht  fimar,  it  ftlIow%  dMt  9  giaina  of  osalie  add  ojrtda  coi»> 
tain  jmt  the  cqutvalcnt  fbran  alam  of  ankgrdnma  add. 

6  THs  piocodiin  ^ ^i^^i  in^^n^  waa  npaoldi^  wirii  difltecwi^  ^tei 
8*875grauiaorayilalliaedoidateof«miiooinw«M  9 
ginmaofoiaUcaddqy«tab;.*»^rawUw«i<ii>M>niii  wridiiol  lifiA 
Gontainadnoonlicnddor  oxidaof  laad.  Thu  it  (be  oaunliq^  «f  Iho 
Mcond  eipadmanli  «id  iihow%  aa  it  did*  thai  9  pdna  of  malic  odd  aad 
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escape  of  water.  Now,  2*25  is  equivalent  to  2 
atoms  water.  It  is  obvious  from  this»  that  oxa- 
late of  lime  diied  in  the  temperature  of  9^""  is 
composed  of" 

1  atom  oxalic  acid  .  •  4-6 
1  atom  lime  .      •  S-5 

S  atoms  water  2*85 


10S5 


5.  Such  are  the  atomic  weights  of  oxalic  acid  compoa. 

,  ,  tion  of  ox- 

and  its  crystals.  Various  attempts  have  been  aiic  acid 
made  to  detennine  the  constituents  of  this  acid. 
The  first  set  of  experiments  on  the  subject  was 
made  by  myself,  in  1806,  and  published  in  the 
Philosophical  Transactions  for  1807,  I  decom- 
posed oxalate  of  lime  by  heat,  oollected  and  ana- 
lyzed the  products,  and  concluded  that  the  con- 
stituents of  oxalic  acid  were 

Oxygen  ...  64 
Carbon       .        .        .  32 

Hydrogen  •      .      •  ^ 

100 


8-875  g—i"*  Pf  osdile  of  aaunoaia  oonlain  Hie  wm/t  qiiwititj  of  oialic 
add. 

These  experiments  lesic  not  the  emeUesi  doubt  on  my  mind,  thai  9 
gmM  of  «»dk  add  cryettle  tepceeent  the  equivalent  for  an  atom  of  oxalu 
add.   Now,  m  it  ie  unifcnallj  admitted  that  Uie  atomic  we^  of  oxalic 
add  is  4^  ifaaiv  cammt  be  m  doubt  thai  one  half  of  the  crystals  consul  of 
water,  or  at  kaat  of  aometldflg  which  does  not  enter  into  combination  with 
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The  next  set  of  experiments  on  the  subject  wss 
made  by  M.  M.  Gay-Lussac  and  Tbenard.  Thej 
made  up  oxalate  oi'  lime,  dried  at  tbe^tempenip 
ture  of        into  balk  with  chlorate  of  pottth : 

these  bails  were  heated  to  combustion^  in  a  tube, 
and  the  gaseous  products  collected  and  analyzed 
They  deduced  from  tliese  expeiiments  the  con- 
stituents of  oxahc  acid  as  follows: 

Oxygen  70*689 
Carbon  £6-565 
Hydrogen   .      *      .  2*745 

lOOOOO* 

ft 

The  data  employed  in  these  calculations  might 
be  rectified  a  little^  were  it  not  that  the  salt  which 
they  employed  stlli  contained  a  quantity  of  water 
of  crystallization,  which  vitiates  all  the  conclu- 
sions of  these  very  ingenious  experimenters. 

lieizuiius  lepeated  the  experiments  oi'  these 
chemists  with  his  usual  precision,  and  was  at 
very  great  pains  to  render  his  oxalate  of  lime  an- 
hydrous. He  obtained  irom  100  parts  of  oxalic 
add 

Oxygen  .  .  .  6Cr5S4 
Carbon  SS-SSS 
Hydrogen   .  0-844 

100  000 
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Thu^  the  quantity  of  hydrogen  found  by  every 
succeeding  experimenter  was  less  than  that  found 
by  his  predecessor.  The  reason  was,  that  be 
was  at  more  pains  to  fiee  the  salt  operated  upon 
from  moisture. 

We  have  no  certainty  that  Berzeiius'  salt  was 
perfectly  anhydrous—it  mighty  and  probably  did, 
retain  a  little  water.  It  occurred  to  me,  that  the 
question  of  the  existence  ot  hydrogen  in  oxalic 
acid  would  be  best  determined  by  employing  the 
crystals,  which  are  now  known  to  contain  exactly  Detfrmin. 
half  theii'  weight  of  water.  Nine  grains  of  the  crys-  ^ 
tals  were  triturated  with  ^X)  grains  of  peroxide 
of  copper,  and  exposed  to  a  low  red  heat  in  a  cop- 
per tube :  to  the  mouth  of  this  tube  was  ground  a 
glass  tube,  filled  with  fused  chloride  of  calcium, 
in  very  small  fragments;  the  extremity  of  this 
tube  was  plunged  into  the  mercurial  trough,  and 
the  gaseous  products  were  collected  in  graduated 
glass  jars.  By  this  process,  whicli  was  oi  iginally 
suggested  by  Gay-Lussac,  the  whole  of  the  acid 
was  resolved  into  carbonic  acid  gas  and  water~ 
the  water  was  absorbed  by  the  chloride  of  calci- 
urn,  whUe  Uie  carbonic  acid  gas  was  collected 
over  mercury.  Making  allowance  for  the  small 
quantity  of  hygronietrical  water  winch  peroxide 
of  copper  always  contains,  as  was  shown  by  Ber<* 
zelius,  Saussure,  and  Mr.  Walter  Crum,  the 
weight  of  the  water  retained  by  the  chloride  was 
very  nearly  4*5  grains,  or  just  haU'  the  weight  of 


J  .  .  y  Google 


108 


COMBUSTIBLE  ACIDS. 


the  crystala.*   The  carbanic  add  gas  evolved 

amounted  tu  11-8  cubic  inches.  Now,  the  weight 
of  this  volume  of  that  gas  is  5i  grains ;  aud  as 
carbonic  add  is  a  compound  of  d  oxygen  -|-  0^5 
carbon,  it  is  evident  that  5i  grains  contain  just 
1*5  grain  of  carbon.  IVom  this  experiment  it 
appears,  that  9  grains  of  oxalic  add  crystals  con* 
tain 

Water  .       ,  4'5 

Carbon      .       •       .  1*5 

6-0 

The  remaining  3  grains  wanting  to  complete  the 
weight  is  oxygen,  which  existed  in  the  acid ;  but 
the  4t*5  grains  of  water  must  be  considered  as 
water  of  crystalUxation,  as  it  can  be  driven  off 

from  oxalate  of  lime  without  destroying  the  acid. 
The  true  constituents  of  oxalic  acid>  therefore, 
are 

Carbon     «  1-5 
Oxjgm    ...  3 

But  1*5  is  equivalent  to  2  atoms  ot  carbon,  and 
3  is  equivalent  to  3  atoms  oxygen ;  consequently, 

*  In  some  of  my  experiments  I  obtained  m  mnefa  as  6*5  grains  ot  ws* 
tcr;  but  I  give  the  aTtn^in  tbe  text  It  ta  mem  difficult  to  determine 
the  water  with  rigid  aeeuracy  Ihan  the  carbonic  add  gas ;  I>iit  I  hare  been 
led  to  fix  upon  4  a^flua,  cbieflj  by  tbe  experfmente  deleiled  in  «  pieeedius 
part  of  this  section. 
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thisacid»  when  anhydrous,  must  be  considered 
SB  a  compound  of 

S  atoms  carbon  1*5 
S  atoms  oxygen        •  8*0 

4-5 

This  constitution  exactly  i^rees  with  the  atomic 

weight  of  oxalic  acid  as  deduced  f  ruui  the  expe- 
riments related  in  the  former  part  of  this  section* 
We  see  that  the  weight  of  the  oxygen  is  just 
double  that  of  the  carbon.  This  agrees  with  the 
result  of  my  original  experiments— -it  agrees  too» 
almost  exactly,  with  the  proportions  of  oxygen 
and  carbon  given  by  Berzelius  from  his  own 
analysis* 

It  is  obvious  cMJough,  that  if  an  integrant  par- 
ticle of  carbonic  acid  and  an  integrant  particle  of 
carbonic  oxide  were  to  unite  together,  the  com- 
})ULind  would  be  the  same,  as  far  as  its  constitu- 
ents are  concerned,  as  oxalic  add*  For 

Carbonic  aciii  is  composed  of  2  4*  ()'75 
Carbonic  oxide         .      •       1    +  0*75 

Total  .      .      .      3   +  1*50 

wliich  constitute  the  very  constituents  of  oxalic 
acid. 

There  is  a  curious  experiment  of  Doboreiner, 
which  deserves  to  be  mentioned,  because  it  cor- 
roborates the  preceding  statements ;  and  seems 
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to  prove*  that  oxalic  acid  cannot  exist  in  an  in- 
sulated state  except  in  combination  with  water. 

5  grains  of  oxalic  acid  dried,  but  still  containing 
a  quantity  of  water,  were  mixed  with  ^00  grains 
of  fuming  sulphuric  acid,  in  an  apparatus  lor  re- 
ceiving  gases  over  mercury ;  the  oxalic  acid 
gradually  and  totally  disappeared,  and  produced 
9*4  cubic  inches  of  gas  ;  the  sulphuric  acid  be- 
came less  funaing  \  the  gaa^  washed  with  aauno> 
nia,  lost  half  its  volume,  which  was  consequendy 
carbonic  acid  gas ;  tlie  residual  47  cubic  inches 
were  carbonic  oxide,  for  the  gas  burned  with  a 
blue  flame,  required  for  complete  combustion 
half  its  volume  of  oxygen  gas,  and  formed  its  own 
volume  of  carbonic  acid  gas.  Thus,  by  the  ac» 
tiou  of  sulphuric  acid,  the  water  was  separated 
trom  the  acid,  and  the .  anhydrous  add  was  re- 
solved into  equal  vdumes  of  carbonic  add  and 
carbonic  oxide.* 

Were  the.  hydrogen  detected  by  Berzelius  to 
be  reckoned  a  constituent  of  the  acid,  then  the 
add  would  be  composed  of 

Oxygen  3 
Carbon  1*5 
Hydrogen  0*011 

4*511 

Now,  OOll  is  only  Ath  of  an  atom  of  hydrogen, 

*  AnnaU  of  Ffailcwppby  (iCGond  wsaam)  l\h  315. 
16 
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a  quantity  too  small  to  enter  as  a  constituent 

into  the  acid.  Bcrzclius  lumscli  considers  this 
acid  as  composed  oi' 

18  aUnns  oxygen       a  18 
13  atoms  carbon       es  g 
1  atom  hydrogen     s  0*125 

This  would  raise  the  atomic  weight  of  the  acid 

to  27*1^>  a  quantity  wlucli,  by  Berzelius'  own 
acknowledgment*  is  6  times  greater  than  the 
tnith.   In  reality  his  analysis  of  the  acid  would 

give  its  constitution  as  follows : 

33  atoms  oxygen       =  33 
23  atoms  carbon        =  l6-5 
1  atom  hydrogen     s  o*126 

49-625 

And  the  atomic  weight  would  be  U  times 
greater  than  the  truth.* 

SECT,  IL 

OF  THE  ATOMIC  WEIGHT  OF  TARTARIC  ACID* 

I 

This  acid»  which  is  obtained  by  the  decomposi- 
tion of  cream  of  tartai*,  forms  large  but  iiTcgular 

*  Bcndiuft  has  lately  satisfied  liimsolf  timt  oxnTir  rxcfd  eonlHin  no  hy- 
dngen.    See  Ann.  de  CfaiiB.  ei  lie  fliys.  X VIIl.  Idfi^ 
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crystals,  which  are  not  altered  by  exposure  to 

the  sir.  Tartaric  acid  is  much  more  easily  de- 
composed by  iieat  thaa  oxalic  acid  ^  hence^  it 
is  f^t  to  acquire  a  brown  tinge,  unless  great  care 
be  taken  to  crystallize  it  in  rather  a  low  tLniptra- 
ture.  It  is  matiutactured  ui  tiie  neighbourhood 
of  liondon,  and  sold  for  the  use  of  the  calico 
printers  in  the  state  ol*  most  beautiful  crystals. 

1.  in  the  experiments  which  I  formerly  pub- 
lished to  determine  the  atomic  weight  of  tartaric 
acid,*  I  employed  crystals  of  taitaric  acid. 
These  were  dissolved  in  water*  and  saturated 
with  ammonia,  and  the  atomic  weight  of  the 
acid  was  determined  by  the  quantity  of  nitrate 
of  lead»  or  carbonate  of  lime  necessary  to  throw 
down  the  whole  of  the  add;  but  happening 
soon  after  to  examine  somewhat  particularly  a 
quantity  of  very  fine  tartaric  add  in  uncommon* 
ly  iaigc  cijbtals,  prepared  I  believe  by  Mr. 
Luke  Howard  in  the  neighbourhood  of  Londoo^ 
I  was  struck  with  an  appearance^  on  breaking 
one  of  the  crystals,  that  led  me  to  suspect  that 
water  might  be  mechanically  lodged  between 
the  plates.  The  possibility  of  this  having  been 
the  case  with  the  crystals  which  I  had  employed 
in  my  experiments  (though  much  smalier»  and 
carefully  pressed  between  folds  of  blotting  pa- 
per) rendered  it  proper  to.  repeat  the  whole  in 
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a  way  not  liable  to  any  such  suspicions.  1  shall 
DOW  relate  tbe  xeMiUa  of  my  new  eizperiments  on 
diiB  nibjeet 

Tartrate  ot  potash  is  a  salt  which  o^stal-  ^Jj^^J 
lizes  in  laige  transparent  four^ided  fight  prianM  p"*^ 
with  rectangular  bases.  They  contain  two  atoms 
of  water  of  crystallization^  but  are  easily  ren- 
dered anhydrous  by  heat  A  quantity  of  these 
crystals  was  left  upon  the  sand  bath  for  twenty- 
four  hours  ia  a  covered  glass  capsule  in  a  heat 
amounting  for  several  hours  to  about 
14'2o  grains  ot  tlic  salt,  thus  rendered  anhydrous, 
were  dissolved  in  distilled  water ;  20*75  grains 
of  diy  nitrate  of  lead  were  dissolved  in  another 
portion  of  distilled  water,  and  the  two  liquids 
were  mixed  together:  a  double  decompositioa 
took  placet  snd  the  tartrate  of  lead  precipitated 
with  such  rapidity  that  m  about  an  hour  it  left 
the  mother  water  quite  transparent  and  colour- 
less. This  mother  water  was  tested  with  nitrate 
of  lead  and  tartrate  of  potash,  without  being  in 
tbe  least  aflfected  by  either.  Hence»  it  contained 

no  sensible  quantity  either  of  tartaric  acid  or  of 
lead.  The  whole  of  these  two  bodies  was  coo* 
tatned  in  the  precipitate  which  had  fidlen. 

From  this  experiment  we  see  that  14*2o  grains 
of  anhydrous  tartrate  of  potash  contain  just  the 
quantity  of  add  necessary  to  saturate  14  grains 
of  protoxide  of  lead,  which  are  contained  in  die 
^^grauis  of  nitrate  of  lead.  The  tartrate  of 

VeulL  H 
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lead  was  collected  on:  a  double  filter,  washed, 
and  dried  in  tiie  temperature  oi  about  150?»  it 
weighed  exacdy  grains.    Nov*  it'ooo- 

tained  14  grains  of  piotoxide  of  lead »  hence, 
it  was  composed  ot  .  { 

Protoxide  of  lead  14 

Tartaric  acia  6*25  '  ' 


This  tartrate  being  neutral,  and  14  being  Uie 
weigiit  of  an  atom  oi'  piotoxide  of  lead,  it  is  evi- 
dent that  8*^  must  be  the  weight  of  an  atdm  of 
tartaric  acid.  We  see  from  this  that  anhydrous 
taitrate  of  potasli  is  composed  of 

1  atom  tartaric  aiid  8*^5. 
1  ttbna  potivii  '6 


For  14'2,5  grains  of  it,  the  quantity  employed  in 
the  experiment)  contained  just  8*^  grains  of 
acid.        '  '  •         '     »  i 

3.  In  the  experiments  described  in  the  Annals 
of  Philosophy*  (second  series;  IL 199.)  9*^  gi^ 
of  crvstalKifetl  farta^cadfl  Svere  satnfated  widi 
ammonia,  and  tlie  solution,  after  being  rendered 
neutral,  was  mixed  with  a  nealM  tolution  of 
6*25  grains  of  calcareous  spar  in  muriatic  acid ; 
and  the  whole  being  evaporated  to  dryness,  a 
quantity  of  tartrate  of  lime  was  obtained  which 
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weigiied  (dried  at  100°)  12*3  grains.    In  tliisex- 
^leriment  there  'was  a  smtll  excess  of  tartaric 
acid,  amounting  only  to  0*1125  grain,  and  it  ap- 
pears from  the  result^  that  this  small  quantity 
did  net  form  a  sensible  precipitate  when  evapo- 
rated to  dryness  with  mm  iate  of  lime.    The  me- 
thod, tberetoie,  was  not  delicate  enough  to  decide 
the  atomic  weight  of  tartaric  acid  $  but  it  is  ob- 
vious, that  the  tartrate  of  lime  would  consist  of 
3*6  giaios  of  lime  united  to  8*^  grains  of  tartar 
ric  add,  and  that  the  excess  of  the  weight  above 
11  •7J  must  have  been  water.    But  this  excess  is 
almost  exactly  half  an  atom  of  water  y  tor  half 
an  atom  of  water  is  0-56d5,  and  117^  +  0*5625 
at  12'S125.    Now,  tliis  differs  from  12*3  grains 
by  so  small  a  fraction  oC  a  grain,  that  the  whcde 
fUflference  may  be  safely  ascribed  to  an  error  in 
weighing.   It  appears  irom  this,  that  when  tar- 
trate of  lime  is  dried  in  a  temperature  of  100^  it 
jetains  just  half  an  atom  of  water. 

^  From  the  preceding  experiments,  which 
were  several  times  repeated,  it  is  obvious,  that  the 
true  atomic  weight  of  tartaric  acid  is  8*25,  and 
not .8*375,  as  1  formerly  stated;  misled  by  some 
water  mechanically  lodged  between  the  plates  of 
the  crystals.  Hence,  the  crystals  muiitiu  reality  Compow. 
be  composed  oi 

I  atom  taittrio  adi}  8*25 

1  atom  water  1*125 
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or  the  weight  of  an  integraat  partide  dP  thm 
crystals  is  9*375  and  not  9*5  as  J  ibimerly  stated, 
cansdtu.     5.  When  the  tartrates  are  aoUected  to  <b> 

•nts  of  tar- 

tvicacid.  stiuctive  distilktioii,  they  yield  a  quantity  of 
empyreumatic  oil»ahowiDg  cieariy  that  hydrogen 
enters  as  a  conatitueiit  into  the  acUU  The 

■ 

quantity  of  carbuiettcd  hydrogen  and  carbonic 
acid  gases  evolved,  leaves  no  douht  that  carboa 
and  oxygen  conttituta  die  other  two.  BemeiiiiB 
endeavoured  to  determine  tlie  proportion  of 
these  constituents  by  bumiog  a  mUttife  of  tiri- 
trate  oPlead  and  cMotate  of  potaA  in  a  ^aas 
tube,  and  coUecting  the  product  in  the  nokaimer 
described  in  tfie  last  soctkMit  when  treating  of 
the  decomposition  of  oxalic  add.  The  products 
obtained  were 

Hydrogen  5-807 
Carbon  35-980 
Oxfsten  • 

100-000^ 

Now,  if  we  iioRsider  it  as  a  compound  of 

e  atoms  h^rdcQigen    s    0*25  or  SOSO 

4  atoms  carbon        as    S        *  36-364 

5  atoms  oxygen        «     5        -  60*606 

8*25  100 

we  find  its  constituents  just  give  the  true  ato- 

*  Annab  of  Phil<Mo|>liy,  V.  9t^ 
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mic  weight  of  the  add^  while  the  compoBitioii 
per  cent  agrees  very  neariy  with  the  rmiltB  of 

Berzelios.  The  agreement  would  be  still  nearer 
woe  we  td  correct  the  data  by  which  BerzeKus 
eakstthted  tfie  comfitaentB  t  ftr  the  true  weight 
of  the  iiydrogen  wilich  he  obtained  was  not 
3-8a7i  but  d*6il  per  cent.  A  veiy  iligfat  trace 
of  water  derived  from  some  unknown  source 
would  easily  account  for  the  alight  surplus  of 
hydrogen* 

6.  As  the  quantity  of  water  in  crystals  of  tar- 
taric  acid  is  accunueiy  Icnown,  it  occurred  to  me 
tfutft  a  more  acntrate  idea  might  be  formed  of 
the  constituents  of  this  acid,  by  analysing  the 
ciyatalsy  than  by  any  tartrate  whatever.  Accord- 
is^jf  a  quantity  of  the  add  was  reduced  to  a 
fine  powder,  and  being  placed  between  the  folds 
of  a  quantity  of  bhittnig  pqier,  waa  aidgected  to 
a  conriderable  pressure  for  twenty4bur  hours,  in 
order  to  get  rid  of  the  hygrometrical  water. 
9*S7^  grains  of  this  powder  were  triturated  with 
£00  grains  of  peroxide  of  copper,  and  the  mix- 
ture being  put  into  a  copper  tube»  was  exposed 
to  a  red  heat»  under  shnilar  circumstances  with 
the  oxalic  acid,  the  analysis  of  which  was  related 
in  the  preceding  section.  The  weight  of  the 
water  obtained  was  almost  exactly  S*975  grains,* 
while  the  volume  of  carbonic  acid  was  just 

•  111  <innv  of  niy  cXj>Cfiiiit.*nt>»  tlit:  (|uaiility  of  water  cxtr it«iti-<l  watt  ^bJ 
gniaa ;  but  1  give  in  the  text  Ute  average  of  a  nurol>cr  uf  trials. 
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double  that  procured  from  9  grains  oi  crystal- 
lused  osaHc  ackL 

Now,  the  9'SJ5  grains  aniilyzed  contained 
grain  of  water.  The  residual  gniai 
of  water  indicate  (y95  of  hydfogen.  The  ^pna* 
tity  of  carbonic  acid  evolved  showed  that  ilie 
carbon  in  9*37^  of  tartaric  acid  crystals  is  just 
double  tiiat  in  9  gnins  of  oxalic  add  orystdi. 
But  we  have  seen  in  the  last  section,  that  fhe 
carbon  in  9  grains  of  the  crystals  of  the  latter 
acid  is  I'S  grain  t  consequently,  9*^^  graiiis  of 
crystallized  tartaric  acid  contain  3  grains  of  car- 
bon* The  6  grains  ^ranting  to  make  up  tbe 
weight  must  be  oxygen.  Tbus  it  appeara»  thit 
the  constituents  of  9*375  grains  of  crystailiised 
tartaric  add  are  as  fdlows : 

1  atom  water         =  1-125 

2  atoms  hydrogen   =  0-25 

4  sunns  orboo      »  3 

5  stoois  ox jgen     0  5 

9-375 

Some  years  ago,  Dr.  Prout  gave  me  the  result  | 
oi*  a  set  of  experiments  which  lie  had  made,  to 
determine  the  composition  of  tartaric  add  io 
ciystak.   The  table  which  he  gave  me  as 
follows : 

5  atmiM  hydrogen  0*375 
4  Moms  carbon  3 

6  atoms  oxygen  (i 

9-375 
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This  result  agrees  exactly  mth  the  preceding 
ooe  of  my  own*  Had  I  been  .awaie  of 
Proiit*s  result  when  I  published  my  first  experi- 
jBftots  on  the  atomic  weight  ot  tartaric  acid,  it 
vmid  iimre  induoed  me  to  have  pauacd  before  1 
stated  the  iutegrant  particle  of  these  crystals  to 
weigh  9r5.  .  But  hbmi  forgotten  the  atatement 
ef  Dr*  Pfout^  tiU  I  accidentally,  met  with  it 
after  all  my  expt^ritaents  .oa.  this  acid  were  fin*- 
idbed. .  I  mentioii  it  oowi  aa.  aflordii^  awatro^g 
corfoboration  ' of  the  accuracy  of  the  atomic 
weight  of  thia  acid  a&  now.  detefmia^  :  for  my 
opimoacfDn  Ptoiifa.preoitfipn  ia  so  faigli»  tb^t 
I  am  disposed  to  place  much  value  upon  all  his 
invesUgations  ^  tbi'  I  have  had.an  opportunity  oi 
judging  of  the  uncoiiimm  eve  wifb  whicb  all 
his  experiuieuts  are  pci  t'oinied. 


SECT.  III. 

*  « 

OF  THE  ATOMIC  WBiOHT  OF  CITBIC  ACID. 

4 

jL»Qf3QB  the  taate  of  citric  acid  in  crystab  is.  as 
intenseiJy  acid  as  that  of  tartaric  ov  even  .oxalic 
acid»  yet  it  acts  witji  less  energy  upon 
bodies^  and  does  not  so  easily  decompose  ^other 
salts  as  these  two  acids  do.  TImS)  when  we  mix 
oxalate  or  tartrate  of  animouia  with  a  solution  oi 
muriate  of  lime,  oxalate  or  tartrate  of  Ume  imme- 

H4 
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dnU^ly  precipitates.  But  citrate  ot  ammonia 
{noduoes  no  Midi  effect ;  yet  citnite  of  Une  m 
HMotuble  in  waHsef^  m  vdl  as  the  oHmt  two  ed^ 
careous  salts.  Citrate  of  animouia  does  not  oc- 
canoo  e  precipitrto  in  mtrate  of  leadt  wkimgj^ 
cknie  of  lead  ia  quite  iaaoluble  in  walac.  Baft 
oxalate  and  tartrate  of  ammonia  precipitate  lead 
widi  great  emtgf*  This  add  ie  addoai  em* 
ployed  by  chemitte  as  a  reagent,  and  of  ooasN^ 
18  of  inferior  importauce  in  a  chemical  poiot  of 
view*  Bnt  it  cxiata  ao  abundantly  m  lb»j9g^ 
table  kingdom,  constituting  a  portion  of  m 
many  fruits»  that  a  knowledge  of  its  naUu^  aod 
€onatitntH»»  oonglitutea  an  interesting  proUsni 
in  vegetable  physiology.  In  my  experiments  to 
determine  the  atomic  weight  of  this  acid,  1  was 

directed  by  those  wliicb  Beizeiitia  had  |Rib^ 

in  181a.* 

^^^^^      !•  9'5  grains  of  the  crystals  of  citiic  acid  were 
cHrkrarid.  dissolved  in  water,  saturated  with  ammooia,  sad 
the  solution  deprived  of  all  excess  of  ainiiionia 
by  evaporaticm.  gcauis  of  dry  nitsste  of 

lead  were  dissolved  in  another  pcnrtion  of  dii* 
tilled  water,  and  the  two  solutions  were  mixed 
together.  No  precipitate  appearing,  and  no 
indication  of  a  donUe  decomposition  tsUiv 
place,  the  liquid  was  slowly  evaporated  to  tiry- 
tieas.   Water  being  digested  upon  Ae  diy  ren* 

•  Atimb  of  mu>M^f,  V.  ta.  '  ' 
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due,  nitrate  of  ammonia  was  dissolved,  while  an 
insoluble  citrate  lead  remained  behind.  The 
aqueous  sohitimi,  even  when  very  much  ooncen* 

trated,  was  not  affected  by  sulphate  of  soda, 
showing  that  it  contained  no  lead  A  portion 
of  it  being  mixed  Willi  some  fiqnkl  nttrale  of 
lead,  and  the  mixture  being  evaporated  gently 
tb  dryness,  and  tiie  residue  being  digested  im 
wBter,  a  eomplete  sofaition  took  place  widioutiJie 
appearance  of  any  citrate  of  lead  whatever. 
This  shows  that  the  liquid  oontwied  no  sensible 
quantity  of  citric  acid. 

From  the  preceding  experiment  it  foliowa» 
that  9^6  grains  of  citric  acid  crystals  contain  a 
quantity  of  citric  acid  just  capable  of  saturating 
all  the  protoxide  of  lead  in  £075  grains  of  ni* 
trite  of  lead,  which  antount  to  exactly  14  grains. 
The  citrate  of  lead  was  carefully  collected  upon 
a  double  filter,  well  washed,  and  driedf  first  in 
the  open  air,  and  then  in  a  tMperatne  not  ex<^ 
ceeding  15(f — its  weight  was  21  "£5  grains.  Now, 
of  this  weight,  14  grains  were  protoxide  of  lead  $ 
remainder  must  be  citric  add.  Thus  citfete 
of  lead,  dried  in  150°,  is  a  compound  of 

Citiic  add       .      «  7*85 
FMooude  cifleiid  .14 


This  citrate  being  neutral,  and  14  being  the  ato- 
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mic  weight  of  protoxide  of  lead,  it  is  clear  that 
7*^  is  the  atomic  weight  of  qitric  acid. 

don"^fthe  ^  But  the  weight  of  the  crystallized  dtric  add 
employed  was  9*5  grains.  The  excess  of  weight 
of  these  crystals  above  7:25  must  blowing  to 
combiiied  water.   This  excess  is  £-£5,  which  is 

equivalent  to  the  weight  of  2  atoms  of  water. 

Heoce  it  tbllows»  that  cryst^ii^^  citric  acid  is 
a  compoufid  of 

I  atom  red  add  7*S5 
9  atoma  water  s*25 

9*5 


3. 1  find,  when  9*5  gndos  of  crystallized*  cittic 

acid  are  exposed  to  a  heat  rather  below  t 
they  lose  very  nearly  (yj3  grain  ot  their  weight, 
and  fail  down  in  the  state  -of  a  powdef »  Now, 

073  is  yd  of ;  ;  so  that,  by  the  applicatiou  of 
heat,  these  crystals  give  out  Just  th^  third  of 
tiieir  water^-^nd  no  more  can-  be  driven  (rfP 
without,  at  tlie  same  time,  decompofiing  tlie  acid , 
for  its  coknir  is  rendered  brown,  an^  a  pendiar 
odour  becomes  senrifale.  ^  * 
Con^tu^  4.  liei  zelius  decomposed  citiic  acid  by  mix- 
ttkadd.  ing  1  part  of  citrate  of  lead  with  borate  of  pt)t- 
ash,  Inimuig  the  mixture  hi  a  glass  tube,  and 
collecting  the  products.  Ue  deduced  Ironi  tins 
analysis  that  the  constituents  of*  citric  add  per 
cent  are 
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iMi^'lf  wi^  suiipdse  thb  doiislitfi^  td  be '     ^ ' 

2  atoms  hydrogen  «  O-gS  or  S-448  '  '  • 
4  atoms  carbon       '=3        -    41-379  * 

  7«  lOOOOO 

the  weight  of  the  a^m  of  the  acid  will  be  7*^»  ^ 
Mlf^^ifMrltSLj^  preeeding  experiments^  while 
tfHrJOODstttueots  per  cent,  agree  very  nearly  in- 

ite^with  those  givea     BerzeUus  irom  liis^ex- 


5.  It  occurred  to  me  that,  as  the  quantity  of 
water  in  the  crystals  of  citric  acid  had  been  ac- 
cmttely  determined,  the  analysis  of  a  given 

weight  of  these  crystals  would  gi\e  the  most  sa- 
tisfactory evidence  of  the  true  constituents  of 
this  acid.  9*5  grains  of  the  crystals^  in  the  state 
of  a  fine  powder,  were  well  triturated  with  200 
gmiosof  peroxide  of  copper,  and  exposed  to  a 
red  heat  in  a  copper  tube,  with  all  the  necessary 
precautions  to  collect  the  whole  of  the  products. 
The  wse^t  of  the  water  retained  by  the  chloride 
of  calcium  approached  nearly  to  4*5  grains;* 

•  Tlw  tvtMge  of  my  own  experimisite  gam  the  amoont  of  vHer  Snm 
9*6  gpiM  of  citric  add  crystals  only  4*15  grains.  It  ^ras  a  compariMm  of 
my  eipertinents  with  those  of  ,Beiadiii»  tbak  inditced  mc  to  state  4*. 
aa  tta  anoam  of  tiift  water. 

16 
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and  the  very  same  volume  of  carbonic  acid  gas 
came  over  as  when  9^7^  grains  of  tarUiic  acid 
ccyatab  were  decomposed  in  the  same  mmr. 
4f*5  water  indicate  4  atoms  of  that  liquid  j  but 
the  ciystals  oontain  £  atoms  of  water  $«-ooiiie» 
qnently,  the  other  1^  atoms  were  formed  bjrAfr 
decomposition  of  the  acid,  and  the^  indicate  2 
atoms  of  hjrdiogen.  The  carbon,  bcfang  the  suns 
as  in  tartaric  acid^  amounts  to  4  atoms,  the 
weight  of  whicli  is  3.  The  weight  necessary  to 
make  up  the  whole  9^5  of  dtric  add  deootti* 
posed  must  be  oxygen.  Thus  it  appears,  fhwn 
the  preceding  analysis,  that  9^6  oi  citric  add 
crystals  are  composed  of 

a  Mom  wtte^  a-a^ 

2  stonu  hydrogen  0*25 
4  atoms  carbon  .  3-00 
4  atoms  oxygen       •  4*00 

Thus,  both  the  atomic  weight  and  the  constituents 
of  the  acid  are  confirmed  by  this  analysis. 

SECT.  IV. 

t 

OF  TH£  ATOMIC  WEIGHT  OF  ACETIC  ACID. 

0 

The  <feterniifialiton  of  the  atomic  Waght  rf  fl* 

acid  IS  attended  with  peculiar  Hiffi^^jti^  be- 


ACETIC  ACXDu 


cause,  it  iorms  no  ioftoluble  saita*  Oq  tlm  ao- 
oount,  we  cannot  have  reooone  to  the  siethod 

of  doable  decomposition,  which  has  answered  so 
well  in  many  oi  the  investigations  ccmaiunicated 
in  the  preceding  pages  of  this  woik.  Beibie 
proceeding  farther,  I  must  express  my  obliga- 
tions to  two  of  my  friends,  both  of  them  chemi- 
cal manufiMTtuieiB  in  Glasgow,  I  mean  Mr. 
Charles  M*Intosh  and  Mr.  Ramsay  ;  the  former 
of  whom  iurnished  me  with  liquid  acetic  acid  ia 
a  state  ef  jmSobt  patHfp  whtle  tbe  ktkr  gum 

me  a  pure  hydi'ated  acetic  ncid,  in  the  state  of 
ciystals.  Had  it  noi  been  ibr  the  purity  of  the 
aoida  thus  iiiniiBbed  ae^  lalmiUbiiave 

der  the  necessity  of  leli^quisliing  this  aud  in 
despair. 

1.  Benriiiia  analysed  several  of  the  acetetes  ^^fr^^ 

with  his  accustomed  care  and  accuracy,  and  was  soda  Uv 
at  great  pains  to  obtain  them  quite  iiree  from 
water;  but,  unfortunately,  there  IS  no  critenoQ 
by  which  we  can  determine  whether  we  have 
rendered  a  salt  perfectly  aniiydrous  or  not,  un- 
less it  be  a  substance  capable  of  bearing  a  red 
heat,  which  is  far  from  being  the  case  wiUi  any 
of  the  acetates,  it  i^  th^  freeing  these  salts 
from  water  which  constitutes  the  great  difficulty 
in  analyzing  them }  but  Berzelius'  experiments 
are  made  with  such  scrupulous  attention  to  ac- 
curacy, thai  they  deserre  peculiar  notice. 
They  wiU  certainiy  iuraist\  us:  with/  pr^ty  near 
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spproximntions.  He  fotmd  the  constituents  o( 
4icetate  of  soda  as  ibllows : 

Acttieaiid'     •      86*995  or  &44$ 

Soda        .  29-896     -  4 

Water      .       •       4Q11      -  7-007 

10000* 

Now,  this  salt  is  peffecdy  Matral ;  hence  it  must 
consist  of  an  atom  of  acetic  acid  and  an  atom  oi 
soda  united  together,  .mlii  a  certata  minriKr  of 
atoms  of  water  of  crystallization.  The  numbers 
in  the  second  column  exhibit  the  atomic  we^g^ 
^flkmlatad  from  tke.  analysis :  4  is  the  alone 
weight  of  soda,  and  7*007  approaches  nearly  to 
6*7^,  wliich  is  the  weight  of  6  atoms  of  watery 
6«448  is  the  weight  of  an  atom  cf  acetic  acid  ac- 
cordinc^  to  this  analysis.  We  may  conclude, 
tben»  that  crystallised  acetate  of  soda  is  a  coid- 
poond  of 

t 

1  atom  acetic  acid«  ,  , 

1  atom  8oda» 
6  atoms  water. 

And  the  atomic  weight  of  acetic  acid,  deduced 

from  Berzelius'  analysis  of  this  salt,  is  6*448* 

As  we  have  hitherto  found  that  the  atomic 

weights  of  all  tiie  acids  and  bases  are  multiples 

« 

•  Aon.  dt  Chim.  LXXXII.  11&   Camdiag  U»  cHioMie  cfiodk 
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of  0*^,  it  is  exceedingly  probable  that  the 
atomic  weight  of  acetic  acid  is  either  6*£^  or  6'5t 
as  Berzelius'  number  lies  between  these.  That 
I  might  be  able  to  cleleniiine  which  of  tliese 
two  numbers  was  the  real  atomic  weight  of  acetic 
acid,  I  dissolved  6*75  grains  of  anhydrous  car* 
bonate  of  soda  in  distilled  water,  saturated  the 
solution  with  very  pure  acetic  acid,  and  evapo> 
rated  tibewlutiGn  todiyness,  by  means  of  a  gen- 
tle but  long  continued  heat.  The  diy  salt  thus 
obtafaiedy  whidr  was  in  an  eight  oanee  phial,  was 
kept  fer  four  houre  upon  the  sand  bath,  in  a  heat 
which  was  as  nearly  as  possible  56(f,  1  was 
obliged  to  repeat  this  experiment  a  great  many 
lifiifes,  before  I  made  mjrself  acquainted  with  the 
limit  of  the  temperature  which  the  salt  is  capable 
of  bearing  without  decomposition*  Tlie  heat 
must  be  sufficient  to  keep  the  salt  in  a  state  of 
fusion,  otherwise  the  whole  water  is  not  driven 
dIUf  it  be  as  high  as  600*  decomposilkNi  takes 
place.  While  the  salt  is  in  fusion  it  has  a  dark- 
ish colour,  but  it  becomes  beautifully  wiiite  as 
soon  as  it  congeals,  if  none  of  the  add  has  been 
destroyed.  In  two  successiv  e  experiments,  Bj the 
which  were  quite  successful,  tlie  weight  ot  the 
salt  was  10*125  grains :  now,  6*75  grains  of  an* 
hydrous  carbonate  uf'soda  contain  just  4  grains 
of  soda ;  consequently,  anhydrous  acetate  of 
soda  is  composed  of 
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Aoetiescid  6*85 

1M5 

Tlie  salt,  after  this  treatment^  was  still  neutnL 
We  see,  therefore*  that  the  true  atomic  weight  of 
acetic  acid  is  6*i25  i  and  the  true  constituents  of 
crystallised  acetate  of  soda  must  be 

1  atom  acetic  acid  6-25  or  per  cent.  56*764 
1  atom  soda     .       4        •       •  23*529 

6  atoms  water        ^5   -      -  99*706 

17 

And  these  numbera  approach  so  near  thoae  of 
Benseiins,  thottbey  may  be  laul  1i>  oonlinii  cm 

another. 

of  iL  Acetate  of  kad  is  a  neutral  salt^  which  can 
^  be  easily  procured  in  beatttiiul  crystal%  and  io  a 

state  of  the  greatest  purity.  Hence,  an  accurate 
analysis  of  it  wiU  fiiniisb  us  with  very  good  data 
for  determining  the  atomic  weight  of  acetic  add. 

BerzeiiuB  pubUshed  an  analysis  of  this  salt  a 
good  many  yean  ago^  which  approaches  very 
ne«r  the  troth,  though  not  sufficieRtly  ao.  to  ^rm 
the  correct  atomic  weight  of  acetic  acid. 

(1.)  I  fiiUowed  hia  method  of  freeing  the  ssU 
of  water,  by  placing  it  over  a  flat  ^ass  vessel 
containing  concentrated  sulphuric  acid  in  the 
vacuum  of  an  aur-pump :  ^*&i5  graios  of  tbe 
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crysUdswhra  thus  treated,  lost  almost  exactly 
3*375  grains  of  water — ^which  is  equivalent  to  3 
atODDS  of  that,  liquid. 

(2.)  It  will  be  shown  in  a  subsequent  chapter 
of  this  work,  that  crystallized  oxalate  of  ammo* 
mia  is.  composed' of 

i  atom  onlic  Mid        .      4r5  . 
I  atom  ammcniifc  8*185 
8  atoms  water  2*25 

8-875 

S'S75  grains  of  crystallized  oxalate  of  ammonia 
were  dissolvedin  a  mfDimum  of  distiUed  water;  in 

another  portion  of  the  same  liquid,  I^iiisolved 
^'625  grains  of  beautiful  semitransparent  crys- 
tak  of  aeetate  of  lead :  the  two  soliitioiis  be^bg 
mixed,  a  double  decomposition  took  place,  and 
oubte  ot*  lead  predpitated  to  the  bottom  in  a 
very  fine  powder,  leaving  the  supernatant  liquid 
quite  transparent  and  colourlesa.  •  This  liquid 
being  tested  by  sulphate  of  soda  and  muriate  of 
lime,  was  not  in  the  least  affected  by  either  of 
these  reagents^  showing,  that  it  contained  no 
sensible  quantity'  either  of  oxide  of  lead  or  of 
oxalic  acid.  From  this  experiment  it  is  evident, 
that,  the  oxalic  acid  in  8*87^  grains  of  oxalate  of 
ammonia  just  saturates  the  oxide  cilead  in  ^*635 
grains  of  acetate  of  lead.  The  oxidate  of  lead, 
which  had  precipitated*  was  carefully  collect* 

Vol  II.  I 


IdO  COMBUSTIBLE  ACIDS. 

ed  OD  a  double  filter,  and  being  washed  and 

diicd  in  a  temperature  not  quite  so  high  as 
weighed  as  nearly  as  possible  18*5  grains.  Now» 
4*5  of  this  weight  were  oxidic  acid;  consequenU 
ly,  the  protoxide  of  lead  in  t2o'Gi2<>  grains  oi  ace- 
tate of  lead  is  precisely  14  grains.  Xlie  portioo 
of  the  salt  wanting  to  make  up  the  total  weight 
of  ^'625,  is  obviously  acetic  acid.  Thus  it  ap- 
pears»  from  the  preceding  analysisb  that  acetate 
of  lead  is  composed  of 

Acetic  acid  .       •  6*25 

FniCcnide  oflead   .  14rOO 
Water  .      .  S-S75 

The  salt  being  neutral,  and  14  being  equivaleoi 
to  the  weight  of  an  atom  of  protoxide  of  lead, 

and  3*37^  to  that  of  3  atoms  of  water,  it  is  ob- 
vious that  6*^  must  represent  the  atomic  wei|^t 

of  acetic  acid. 

Acetate  of     3.  I  made  some  experiments  upon  the  acetate 
of  lime ;  but  found  tlmt  it  cannot  be  rendered 

anhydrous  without  exposing  it  to  a  temperature 
so  high  that  tlie  acid  is  partially  driven  off  or  de* 
composed.  At  the  temperature  of 450^,  the  salt 
retains  about  the  third  of  an  atom  of  water. 
Berzeiiua  kept  the  salt  for  some  time  in  the 
highest  temperature  which  it  oould  bear :  it  ap- 
pears irom  the  result  oi  i)is  analysis,  tliat  wJieo 
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thus  trcatcil,  it  still  retains  nearly  the  eighth  of 
sax  atom  of  water.* 

4b  Berzelius  laalyzed  acetic  acid  by  boniing  ^^^'^^ 
a  mixture  of  chloride  of  potash  and  anhydrous 
acetate  of  lead  in  a  glass  tube^  and  collecting  tiie 
products.'  Thewater  fonned,  and  carbonic  acid 
gas  collected,  together  with  the  known  weight  of 
ftdd  in  l*06  of  acetate  of.iead  empkryed^^ve  ut 
the  constituents  of  tlle^Mad.  The  acid  in  1-06 
of  dry  acetate  of  lead  is  0*332  ;  he  obtained  0'18 
<tf  water,  indicating  0*0d  hydragen.|,  and  0*574 
carbonic  acid,  indicating  0*1 5654  of  carbon. 
Thus  the  constituents  of  the  acxd  were 

Hydrogen  DOS  or  per  cent  6*0^40 
CarboD  0-15654     •      -  ^7*1506 

Oxygen  0-16546     -       -  46-8854 

^^^^^^^^^^^^^^^ 

^^^^^^^^^^^^^^^  ^^^^^^^^^^^^^^^ 

0-95200.  lop-oqoo 

Now,  if  we  consider  the  constituents  of  this  acid 
to  be 


"Jt  atouib  hythogea 

or  4 

4  atoms  carbon 

3 

•  4S 

3  atoms  oxygen 

S 

.  4S 

6-25 

100 

we  have  the  atomic  weight  as  determined  in  the 

preceding  pari  ui'  this  section  j  while  the  consti- 
tuents per  cent,  deviate  very  little  irom  those  of 

*  Aiuub  of  FhBoioiihj,  V.  171 
IS 
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Berzelitis.  ,  It  is  obviotis  from  the  aBtlysis  of 

Berzeiius,  that  the  weiglits  of  the  carbon  and 
ox]^gen  in  the  add  are  the  same;  consequently, 
diere  must  be  4  attnns  of  the  fonner.for  8  of  the 
latter.  The  hydrogen  found  by  Berzeiius  would 
indicate  d  atoms  of  hydrogen,  instead  of  ^  .  lliis 
was,  no  doubt,  owing  to  the  introduction  of  a 
very  small  quantity  of  water  troni  some  unknown 
source— <m  acddent.against  which  it  is  extreme- 
ly ilitiicult  to  provide.  • 
.  I  have  not  repeated  the  analysis  of  acetic  acidt 
ooosiderittg  the  result  obtained  by  BerzeUus  as 
sufiicient  (together  with  the  knowludge  of  the 
atomic  weight)  to  determine  the  composition  of 
this  add.   The  most  accurate  method  of  pro- 
ceeding would  be  to  employ  the  crystals  of 
acetate  ai  lead,  without  depriving  them  of  their 
water  of  crystallization.   This  water  has  been 
shown  to  amount  to  3  atoms,  aiul  it  must  be  al- 
lowed for  in  the  calculation^  the  quantity  of 
salt  which  should  be  emplo}  ed  is  23*625  graiiu^ 
wliich  is  equivalent  to  an  integrant  pai  ticle. 

5,  It  has  been  long  known  that,  when  dry 
acetate  of  soda  and  sulphuric  add  are  mixed  in 
the  requisite  proportions,  and  distiiied  in  a  re- 
tort, an  acetic  add  comes  over  so  strong  that  it 
crystallizes  when  cooled  down  to  a  low  temperap 
ture,  and  remains  in  crystals  as  long  as  the  ther- 
mometer  is  lower  than  If  we  have  a  con* 
sidcrable  quantity  of  the  acid  in  this  concentmt- 
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ed  state,  we  have  it  iii  our  power,  by  pouring 
the  liquid  poi:tion  off  the  ciy8tals»  to  obtain  them 
in  a  state  of  great  purity,  and  quite  dry.  It  is 
in  this  way  that  crystallized  acetic  acid  is  pre- 
pared by  Mr.  Ramsay  of  Glasgow*  By  drying 
these  crystals  on  blotting  paper,  at  a  low  tempe- 
rature, I  freed  them  completely  from  ail  adher- 
ing  liquid,  and  made  them  as  dry  as  the  crystals 
of  tartaric  acid. 

.  Putting  a  quantity  of  these  dry  crystals  into  a 
phial,  I  melted  them  by  leaving  Ihem  for  £4 
hours  in  a  warm  room.  The  liquid  thus  obtain- 
ed did  not  crystallize,  though  kept  .for  a  long 
time  in  a  temperature  as  low  as  40*  ^  but  if  we 
raise  it  to  the  temperature  of  45°,  and  throw  into 
it  a.  single*  crystal  of  acetic  acid,  a.  number:  of 
crystaBine  spicuke  dart  out  with  rapidity  all  over 
the  liquid,  and  the  temperature  rises  from  45* 
to  5V.  By  degrees,  after  this,  commencement 
of  crystallization,  the  whole  liquid  assumes  the 
solid  form,  although  the  temperature  be  not 
lower  than  45^ 

These  crystals,  while  ui  a  liquid  state,  and  at 
the  temperature  of  60°,  have  a  speciiic  gravity  of 

G.  I  dissolved  221^25  trains'  of  these  crystals  Comrfn 

^  one  atona  of 

in  water,  and  added  to  the  solution  £6-^  grains  water, 
of  anhydrous  carbonate  of  potash,  obtained  by 

exposing  bicarbonate  of  potash  to  a  red  heat. 
This  addition  just  neutralized  Abe  acid,  for  the 

13 
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mixture  produced  no  change  upon  the  colour  of 
litmus  or  cudbear  paper.  If  we  divide  each  of 
the  .substances  empbyed  by  3>  the  consequences 
which  I  mean  to  draw  from  the  experiment  will 
be  plainer. 

Ui^l  .  7'S75;  and 

« 

We  may  say,  then,  that  7*375  grains  of  crystals 
of  acetic  acid  wene  just  fheutmlized  by  8*7^ 

grains  of  anhydrous  carbonate  of  potash  ;  but 
8*7^  grains  of  this  carbonate  contain  just  d  graios 
of  potasht  which  is  equivalent  to  an  atom.  Con- 
sequently, 7-375  grains  of  the  crystals  of  acetic 
acid  must  contain  just  6*^  grains  of  real  acetic 
acid  I  for  that  is  the  quantity  requisite  to  satu- 
rate 6  grains  of  potash.  The  remainder  of  the 
weight  of  the  acid  is  obviously  water,  and  it 
amounts  to  1*1^,  which  is  equivalent  to  an  atom 
of  water.  Thus  it  appears  that  the  crystals  of 
acetic  acid  are  composed  of 

1  atom  real  acid       •  6'S5 
1  atom  water  •  I*1S5 

7-375 

They  do  not  contain  2  atoms  of  water,  as  1  for- 
merly supposed,  misled  by  the  statements  rf 
Mollerat,  which  1  iiud  to  be  iuaccurate. 
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7.  By  dissolving  given  weights  of  these  crys- 
tals in  water,  and  taking  the  specific  gravity  ot 
the  solutions  at  60^»  I  was  enabled  to  form  the 
following  table,  exhibiting  the  specific  gravity 
of  various  atomic  compounds  of  this  acid  and 
water: 


ACID. 

fttom 


4P.  OB.  AT  SORi 

+ 

1  atom 

1-08896 

+ 

2  - 

l-0706b 

+ 

3  - 

1-07084 

4  - 

1-07139 

+ 

5  - 

1-06820 

+ 

6  . 

1*0670S 

+ 

7  - 

1-06349 

+ 

S  - 

1-05974 

+ 

9  - 

1-05794 

+ 

10  - 

1-054^9 

Tabic  cxhi. 
liidng  the 
specific  gni 
^lity  of 

Uc  acid 
(lifltTcnt 


We  see  from  this  table  that  the  specific  gravity 

of  the  liquid  is  a  maximum,  when  it  consists  of 
1  atom  acid  united  to  4  atoms  water  $  or,  when 
it  is  composed  of 


Acid 
Water 


6-25  or  100  or  58-1395 
4*5       •      72     -  41S60d 


100 


We  see,  too,  that  the  specific  gravity  of  add, 

containing  only  1  atom  water,  is  nearly  the  same 
with  that  containing  7  atoms  water ;  or  the  two 
following  compounds 
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6*25     or    100   or    84*7457  . 
1*IS5    -      IS     -  ISHHS 

&25      or    100  or 
7-875     -     126     -  55-7523 

have  nearly  the  same  speciiic  gravi^.  It  is  ob- 
vious from  this,  that  the  specific  gravity  of  an 
acetic  acid  does  not  assist  us  in  determining  its 
strength,  or  the  true  quantity  of  acid  which  it 
contains** 


SECT.  V. 

OF  THE  ATOMIC  WEIGHT  OF  SUCClNit  ACID, 

This  acid,  as  it  is  at  first  obtained  by  the 
distiiiation  of  amber,  has  a  yellow  colour,  and 
an  empyreumatic. smell,  both  of  which  are  re- 
moved by  digesting  it  in  nitric  acid,  which  de- 
composes the  oily  matter  with  which  it  was  con- 
taminated. When  thus  purified,  its  colour  is 
very  white,  and  it  ciystallizes  in  four-sided 
prisms.  I  do  not  find  it  to  contam  any  water  of* 
crystallization.  The  crystals  consist  entirely  of 
anhydrous  acid. 

•  *  Itijlie  two  last  editions  of  my  System  of  Cliemi;,try  (Vol.  II.  p. 
14I»)  I  iTMrrliil  ■  tabic,  exhibiting  ihe  tped^c  gravit;  of  acetic  add  of 
vttKNM  rtrength^  deducvd  from  tb«  expcrimentt  of  MnUerat.    That  tohlc 
it  qi^  moamu,  m  may  b«  mcA  by  comparing  H  wiOi  tibe  oue  now 
gww. 


1.  1^'=^ 

^  fAdd 

I  Water 
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1.  To  determitie  the  atomic  wdght  of  this  ^^^Nuic^^ 
acid,  6*^  graios  of  the  crystals  were  dissolved  sucdok 
in  water,  and  neutralized  by  ammonia.  17*375 
grains  of  the  crystals  of  protosulphate  of  iron 
were  dissolved  in  water,  and  the  iron  peroxidized 
by  digesting  the  solution,  mixed  with  a  little  ni* 
trie  acid.  The  brown  coloured  liquid  thus  ob* 
tained  was  rendered  as  neutral  as  possible  by 
smmooia.  These  two  solutions  being  mixed  to- 
gether, a  double  decomposition  took  place,  and 
succinate  oi  iron  precipitated  in  abundance.  The 
whole  bdng  thrown  upon  a  double  filter,  the 
succinate  of  iron  was  retained,  and  the  liquid 
which  passed  through  was  transparent  and  co* 
lourless.   This  liquid  was  not'  rendered  blue  by 

prussiate  of  potasii — showing  that  it  contained 
no  sensible  quantity  of  iron*  Neither  was  it  pre. 
cipitated  or'  altered  by  ammonia,  or  by  persul* 

phate  of  iron  ;  the  last  of  wliicli  salts  would  liave 
occasi<Hied  a  precipitate,  ii'  it  liad  contained  any 
succinic  acid. 

From  this  experiment  it  appears,  that  6*25 
grains  of  succinic  acid  just  saturate  ail  the  per- 
oxide of  iron  from  17*37^  grains  of  protosul- 
phate of  iron.  Now,  it  was  shown  in  a  former 
section  of  tliis  work,  that  17*375  grams  of  pro- 
tosulphate of  iron  contain  just  4*5  grains  of 
protoxide,  which  is  equivalent  to  5  grains  of 
peroxide  of  iron. 

.  The  succinate  -of  iron,  precipitated  in  the^^'^^'"* 
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preiceding  experiment,  beings  well  wasbed^  4nd 

dried  m  the  temperature  of  '21  weighed  ll'£5 
gcains  j  and  it  ww  obviously  composed  of 

Suociiiic  add  6*95  or  0*555 
Peroxide  of  iron  5        -  0*444 

1-000 

The  salt  being  neutcal»  and  £ve  being  the  atonic 
imght  of  peroxide  of  iroD»  6*20  mual  be  the 

atomic  weight  of  succinic  acid. 

Thus  it  andean,  that  aoetic  and  mccima  acid 
have  the  same  atomic  weights ;  yet  scarody  any 
two  acids  difier  more  from  each  otiier  iu  tiieir 
prc^erties. .  Acetic  acid  is  so  soluUie  in  water 
that  it  is  difficult  to  obtain  it  in  the  state  of 
crystals^  and  these  cxystals  cannot  exist,  unless 
they  contain  an  atom  of  watei*  united  to  an  atom 

of  acid  5  but  succinic  acid  requires  nearly  100 
times  its  weight  of  water  to  dissolve  it»  and  its 
crystab  contain  no  water  whatever.  There  is 
some  analogy,  however,  in  the  way  iu  which  tlie 
two  adds  combine  with  bases.  Thu8»  acetic 
acid  unites  with  1  atom  and  with  2  atoms  of 
protoxide  of  lead»  and  so  does  succinic  acid. 
Brobably  many  other  similar  analogies  would  be 
discovered  if  the  succinates  were  better  known 
than  they  are  at  present 
CooDfiMU  2.  I  have  not  made  any  experiments  upon  the 
canic acid,  constituents  of  this  acidy  because  I  considered 
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the  analysis  of  Berzelius  as  sufBciently  decisu  e. 
He  mixed  1*^^  of  anhydrous  succinate  of  lead 
with  chlcnte  of  potash,  end  burned  it  in  a  glan 
tube,  coUectiri;  the  product.  The  water  formed 
was  OI5^  and  the  carbonic  acid  0*7. 

Now,  1*804  succinate  of  lead  contain  (HMIS 
of  succinic  acid  ;  0-1536  water  contain  0*01706 
hydrogen,  and  07  carbonic  addcontain.0-19091 
oriioD.  What  is  wanting  besides  these  consti- 
tuents to  make  up  the  weigiit  of  the  succinic 
add  is  oxygen.  Thus,  the  constituents  of  suo- 
dnicacid  are 

Hydrogen   0O1706  or  0-865] 

Carbpu  0-19091  -  2-9670 
dygen      O-iniiH    -  3-0179 

0-40215  6-2500* 

The  second  column  in  which  the  constituents 
are  reduced  to  what  they  would  be^  if  d'ite  or 
an  atom  of  succinic  acid  had  been  decomposed, 
approach  so  nearly  to 

2  atoms  hydrogen  0*25 

4  aUm»  carbon  3 

5  atoms  osygcu  S 

that  we  cannot  hesitate  to  admit  that  these  re^ 

present  tliu  atomic  constituents  of  succinic  acid. 
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Thus  it  appearsy  not  only  that  the  atonic  weight 

of  succinic  acid  is  tlie  same  with  that  of  acetic 
acid,  but  that  both  acids  are  composed  of  the 
very  same  atomic  constituents.  This  is  a  de« 
cisive  proof  that  these  vegetable  acids  are  not 
formed  immediately  by  the  combination  of  all 
their  atomic  constituents  together;  but  that 
they  consist  of  certain  binary  or  ternary  com- 
binations combined  together.  For  example^  we  | 
might  suppose  one  of  these  adds  formed  by  the 
union  of 

OZVQSa      CAftMR.  mtOODL 

1  atom  carlKmic  acid  «  2   -f-    1    +  0 

1  atxmi  carbonic  oxide  »    1    +    1    +   0  j 

2  toms  olefiant  gas  •  =0+2+2 

_____  i 
3    +  4+2 

and  the  other  of 

1  atoni  oxalic  acid  «        —    S    +     2     +  0 

2  atoms  oieliant  gas         •       =    0    +    g    +  £ 

3    +    4    4.  2 

for  such  combinations  would  give  the  atomic 

*  proportions,  and  yet  they  might  constitute  com- 
pounds  possessed  of  very  diU'erent  properties. 
These  constituents  are  not  given  from  any  idea 
that  they  constitute  the  true  secondary  elements 
of  the  adds  in  question,  but  only  to  help  to 
enable  the  reader  to  conceive  how  two  acids 
may  have  the  same  elements,  and  yet  possess 
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very difibrent properties;  but  this  difficult  sub- 
ject stands  in  need  of  farther  investigation. 

.  d.  Succinic  acid^funushes  a  very  easy  method 
of  separating  iron  from  other  bodies  with  which 
It  is  mixed  in  acid  solutions^  and  deternuning  its 
quantity— a  method  proposed  many  years  ago 
by  M.  Gehlen*  The  method  is  diis:  Perozi* 
dize  the  ii'on  in  tiie  sulutiou  by  digesting  it  with 
some  nitric  add.  Tb^  make  the  solution  as 
neutral  as  possible  by  means  of  ammonia.  Suc- 
cinate, ot  ammonia  will  now  precipitate  the  iron 
in  red  coloured  flocks.   Separate  the  precipitate 

upon  a  double  filter,  wash  it  well,  and  dry  it  in 
the  temperature  of  21^ ,  ^ths  of  the  weight  oi' 
this  precipitate  is  peroxide  of  iron,  and  the  re- 
maining  jtbs  are  succinic  acid. 


SECT.  VI. 

OF  THE  ATOMIC  WEIGHT  OF  BENZOIC  ACID. 

This  acid,  like  the  preceding^  is  obtained  by 

sublimation,  and  its  crystals,  like  those  of  suc- 
cinic acid,  are  free  from  water.  There  is  there- 
fore little  difficulty  in  determining  its  atomic 
weight. 

1.  Fifteen  grains  of  the  crystals  were  dissolved  ^^^^ 
in  distilled  water  by  means  of  ammonia»  and  the  ^"^'''c 
solution  was  concentrated  on  the  sand  batli  till 
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ail  exooss  of  ammooia  was  driven  oC  17*875 

grains  of  crystallized  protx)sulphatc  ol  iron  were 
dissolved  in  water,  the  oxide  was  peroxidized, 
and  the  sdutioii  rendered  neutnd  predsely  in 
the  manner  described  in  the  last  section.  These 
two  solutions  being  mi^edi  a  double  decomposi- 
tion took  place»  and  beneoate  of  ixm  immediate* 
]y  precipitated  in  buff  coloured  flocks.  Thtt 
precipitate  was  s^aiated  by  means  c£  a  double 
filter.  The  liquid  wUdi  passed  through  was 
transparent  and  colQuriess,  and  was  not  iu  the 
least  altered  by  priMiate  of  potash,  nor  was  any 
precipitate  occariofied  by  die  addition  of  peraol* 
pliate  of  iron,  showing  Uiat  it  contained  no  sen- 
sible quantity  of  iron,  or  of  benzoic  acid. 

From  this  experiment  we  learn  that  15  graim 
of  benzoic  acid  just  neutralize  o  grains  of  per* 
oxide  of  iron.  And  as  6  represents  the  atomic 
weight  of  peroxide  of  iron,  15  must  be  the  ato- 
mic weiglit  of  benzoic  acid. 

^  The  benzoate  of  inm  formed  in  the  pre- 
ceding  experiment  being  dried  in  the  tempera* 
turc  oi  212°,  weighed  exactly  ^  grains.  It  was 
therefore  iiphydrous,  and  consisted  of 

<  r 

1  atom  bensoic  acid  15 
1  atom  peroxide  cfmn  5 

so 

Hence,  the  fourth  part  of  this  precipitate  is  per* 

oxide  ot  nun  and  the  other  threc-fourtlis  beu- 

16 
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suHcacid.   Benzotte  of  soda  or  aromoiiia  was 

proposed  by  Uizingci  as  an  excellent  reagent 
for  separating  iron  &om  other  bodies;  and  1 
find  it  to  answer  just  as  well  as  succinate  of 
soda.  The  method  of  proceeding  witli  both 
salts  is  precisely  the  same. 
S,  B^oic  acid,  like  acetic  and  succinic  acids, 

'  '  tion  of  bci 

combines  with  protoxide  of  lead  in  two  proper- 
tionst  foranng  a  salt  cmnposed  of  1  atom  add 
and  1  atom  protoxide,  and  another  composed  of 
1  atom  add  and  3  atoms  protoxide*  iierzeiius 
fimnd  that  when  a  mixture  of  benzoate  of  lead 
and  chlorate  of  potash  was  burned  in  the  way 
ibrmerly  described  in  glass  tubes,  a  portion  of 
the  acid  was  apt  to  sublime  without  decomposi- 
tion. This  did  not  happen  so  readily  wlicn  tlic 
sub-benzoate  of  lead  was  employed.  The  analy- 
sis of  a  quantity  of  sub-benzoate  containing  0*317 
of  benzoic  acid  gav  c  0*1414  water,  equivalent  to 
0*01571  hydrogen ;  and  0*8645  carbonic  acid» 
equivalent  to  (H1S577  carbon.  Consequently, 
the  constituents  of  benzoic  acid  are 


Hydroiren 

0'01571 

or  0-75 

Carbon 

0-23577 

.  1115 

Oxygen 

0*06552 

310 

0*31700 

1500* 

The  second  column,  which  exhibits  the  propor- 
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tioos  of  the  constituents,  answering  to  tlie  ato- 
mic wd^t  15  of  the  add  approaches  so  verjf 
nearly  to 

6  Mtoms  bydrogeD  0*75 
15  atom  carbon  11*S5 

3  atoms  oxygen  S 


that  we  can  have  no  hesitation  in  admiuing  that 
these  represent  the  true  atomic  constitiieaU 
the  acid.    It  is  therefore  a  very  cc 
body,  as  it  contains  no  fewer  than  i24  atoms. 
Like  aii  other  very  complex  bodies  its  affiniM 
are  very  weak.  . 

^         SECT.  VII. 


OP  THE  ATOUC  WEIOHT  OF  SACLACTIC  ACI0* 

I  HAVE  prepared  this  acid  botli  from  sugar  of 
milk  and  from  gum.   The  acid  obtained  fiw 

glim  is  always  contaminated  with  saccolate  of 
lime  'f  the  best  way  of  iireeing  it  from  wliich  is 
Ptirifica.  to  dissolve  it  in  water.    The  saccdate  of  lime 

lion  of  sac-  , 

lactic  atid.  reiiiauis  behind,  and  may  be  separated  by  the 
filter.  Then  by  evaporating  the  aqueous  solu- 
tion to  drjmess  by  a  gentle  heat,  we  recover  the 
saclactic  acid  in  a  state  oi  punty.  But  gres^ 
care  must  be  taken  not  to  expose  the  evaporat- 
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ing  liquid  to  too  high  a  temperature;  for  the 
sAclacttc  acid  is  very  easily  rendered  brown,  in- 
dicatintz:  the  looseness  with  whicli  its  elciULiits 
are  combined*  Ttie  saclactic  acid  from  sugar  of 
milk  is  quite  pure  as  at  first  prepared* 

Saclactic  acid  has  a  fiiu  white  colour  when 
dried  io  a  temperature  sufficiently  low.  Its 
taste  is  only  shghtly  aeidolottSy  but  it  acts  power- 
iullj  on  vegetable  blues,  reddening  them  with 
considerable  energy.  It  is  but  litUe  soluble  in 
water,  though  boiling  water  dissolves  a  greater 
portion  than  cold  water ;  and  if  a  saturated 
sdutton  of  this  add  in  boilii^  water  be  set  aside, 
the  greatest  part  of  the  acid  is  deposited 
the  water  cools  in  the  state  of  small  crystals. 

1*  To  determine  the  atomic  weight  of  this  saciRctntc 

of  soda  ana. 

acid,  I  eni})Ioyed  saclactate  of  soda  j — a  saltiymL 
which  I  formed  by  saturating  sesquicarbonate  of 
soda  with  sadactic  acid.  The  acid  dissolved  in 
the  liquid  with  effervescence,  and  I  continued  to 
add  new  portions  of  the  acid  till  the  e£ferves* 
cence  was  at  an  end.  The  liquid  was  then  passed 
through  a  filter,  to  separate  a  portion  of  undis- 
solved acid.  Being  left  for  twenty-four  hours^  . 
it  had  deposited  an  additional  portion  of  sac- 
lactic acid,  yet  it  still  reddened  vegetable  blues. 
Being  gently  evaporated  to  dryness,  it  depoBite4 
^  saclactate  of  soda  in  white  semitransparent 
crystals,  consisting  of  four-sided  rectangular 
prisma  with  square  bases.   The  taste  of  this  salt 

Voik.  II.  K 
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is  slightly  saline,  and  somewhat  similai  to  that  of 
phosphate  of  soda.  It  is  not  very  soluble  hi 
water,  and  is  very  easily  rendered  brown,  unlen 
great  care  be  taken  in  regulatmg  the  heat  to 
,  which  it  is  exposed. 

22*625  n;rains  of  these  crystals  were  dissolved 
in  watei*,  and  the  liquid  mixed  with  a  solution 
of  20^5  grains  of  nitrate  of  lead.  A  double  de- 
composition took  place  immediately,  and  saclac- 
tate  of  lead  was  precipitated  in  abundance.  The 
clear  supernatant  liquid  was  tested  by  sulphste 
of  soda  and  nitrate  of  lead,  but  was  not  in  the 
least  affected  by  either ,  showing,  that  it  con- 
tained no  sensible  quantity  of  lead  or  of  saclac* 
tic  add. 

The  saclactate  of  lead  being  collected  on  a 
double  filter,  washed  and  dried  in  a  temperature 

not  exceeding  212%  weighed  27  grains.  NoWi 
It  contained  ail  the  protoxide  of  lead  existing  in 
20*75  grains  of  nitrate  of  lead,  amounting  to  14 
grains.    It  was  thereibre  composed  of 

Protoxide  of  lead  1 4 
Saclactic  add  13 

a? 

From  this  experiment  it  follows  that  2'2-ir3 
grains  oi'  crystallized  saclactate  of  soda  contain 
IS  grains  of  saclactic  acid.  As  these  Id  grains 
just  saturated  grains  oi  protoxide  of  lead, 
which  is  the  equivalent  for  an  atom,  it  is  obvious 
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tliat  in  the  saclactatr  oi  soda,  they  must  imve 
beeu  in  combination  with  an  atom  of  soda,  the 
equivalent  for  which  is  4  gniiu.  Thh  remaining 
5'625  grains,  still  remaining  to  make  up  tlie 
weight  of  the  salt»  must  have  been  watery  and 
this  weight  is  equivalent  to  5  atoms  waten 
Thus  it  appears,  tiiat  saclactate  of  soda  is  com- 
posed as  follows : 

1  atom  wdactic  acid  IS 
1  atom  soda  4 
5  stoma  water  6-6S5 


It  is  obvious  that  13  represents  the  atomic  ^g^^ 
weight  of  this  acid.  Mid. 

9.  Berzelius  analyzed  saclactic  acid  by  the 
same  process  as  tiie  other  vegetable  acids.  1  part  l^Tal^ 
of  saclactate  of  lead,  equivalent  to  0*4814  of  sac-  ^ 
lactic  acid,  when  burned  with  chlorate  of  potash, 
gave  out  0*21  water,  equivalent  to  O'O^S  hydro- 
gen; and  0*594  carbonic  acid«  equivalent  to 
0-16S0  carbon.*  From  this  it  follows,  that  the 
constituents  of  saclactic  acid  are 

Hydrogen  .  .  0  0233  or  0-6292 
Carbon  0*1680    •  4*3747 

Ozjgen  0*12961    -  7-9961 


0*4S14  13* 


warn 
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*  The  second  coltimn,  exhifbhing  the  proportioo  o4 

the  constituents  in  13  of  the  acid,  wbidi  is  the 
atomic  weight,  approaciies  nearest  to 

4  atoms  hydrogen  •  0-5 
6  atoniB  carbon  '    '  .      .  4.'5 

5  aUwna'oxygen        .      •  8*0 

J  3*0 

The  greatest  deviation  is  in  the  hydrogen,  which 
is  about  itli  part  too  high,  while  the  carhon  is 
rather  more  than  ^iVth  part  too  low.  The  pro- 
portion of  oxygen  is  almost  exact. 

BerzeUus  analyzed,  likewise,  0-333  parts  of 
aaclactic  acid  in  the  same  way.  He  obtained 
0-1 19  of  water,  equivalent  to  001655  hydrogen; 
andO'S^B  carbonic  acid,  equivalent  to  U-lU/l^ 
carhon.*  Hence,  the  constituents  of  the  acid, 
according  to  this  analysis,  are 

flydrogen      .       .       0*01655    or  0-64 
Carbon         .       -       010718  - 
Oxygen  0-90960    -  S^IS 

0-3S3S3  13*00 

We  perceive,  from  the  second  column  exhibiting 
t\ie  proportion  of  tlie  constituents  m  13  parts,  or 
an  atom  of  the  acid,  that  the  proportkm,  botli  of 
hydrogen  and  oxygen,  is  gieatcr  in  this  analysis 
than  in  the  preceding.    No  doubt,  the  reason 

•  AnnaUof  PhiloMiphf,  V.  lao. 
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was  diftt  the  siiclactic  acid  contained  a  greater 

proportion  ot  adht^ang  water  than  Uie  saclactate 
of  lead ;  though  6v^n  tlie  saclactate  of  Jiead  was^ 
probably,  not  absolutely  free  from  water — unless, 
iuiieeti,  the  small  e^^cess  of  water  ia  that  analy^U 
was  derivod  from  some  other  accidental  source---* 

as  the  moistuie  of  the  air  when  the  ingredients 
happened  to  h&  ml&ed  togctiiei*.  Upou  the 
whole»  thete  analyaea  of  Berzelius  oooie  wonder* 
fully  near  the  trutl),  aiul  do  unicIi  honour  botli  to 
the  aa^icity  aiul  ^iU  of  thia  moal  iuUefatigabie 
cheouat. 

SECT.  VIII. 

♦  * 

OF  TU£  ATOMIC  WEIGHT  OF  FO&MIC  ACID. 

■ 

Though  Ibrmic  acid  was  discovered  by  Margraft) 
and  several  ot'  its  propeities  pointed  out,  it  is 
only  of  late  years  that  veiy  correct  notions  re* 
specting  it  Ikl\'c  been  atUiined.  Fourcros'  and 
Yauquelin  endeavoured  to  prove,  ia  IHO!^,  tiiatit 
was  mekrely  a  mixture  of  acetic  and  malic  adds ; 
but  this  opijiioii  was  rcf  iited,  and  the  peculiar 
nature  of  ibnnic  acid  established  by  Suerseu,  and 
Gehlen*  Dobereiner  has  lately  pointed  out  some 
'  properties  by  which  this  acid  may  be  readily  dis- 
tinguished from  every  other. 

1.  Formic  acid,  as  far  as  is  known  at  present,  Propertits 
tunnot  be  obtained  iu  tiie  state  of  crystals,  but  add! 

K3 
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oulv  in  solution  in  water.  It  is  as  volatile  as 
acetic  acid,  aud  has  a  smell  somewhat  similar  to 
that  of  that  acid.  It  was  this  ninilariQr  of  smell, 
and  the  property  which  it  has  ot  forming  soluble 
salts  with  most  of  the  hases,  that  led  t'ourcroy 
and  Vauquelm  to  the  opinxm  that  it  was  identi- 
cal with  acetic  acid. 

Dobereiner  has  ascertained^  that  when  formic 
acid  is  mixed  with  concentrated  solphuiic  acid» 
it  undergoes  decomposition  at  the  ordmaiy  tem- 
perature of  the  atmo^here — being  converted 
into  water,  which  combines  with  the  sulphmic 
acid,  and  into  caibonic  oxide,  which  makes  its 
escape  in  the  form  of  gas.  When  it  is  mixed 
with  nitrate  of  silver  or  nitrate  of  mercuiy,  sad 
a  gentle  heat  applied,  the  formic  acid  is  equally 
decomposed;  carbonic  acid  is  disengageii^  and 
the  oxides  are  reduced  to  die  metallic  state. 
These  curious  phenomena  aie  easily  observed, 
and  they  are  suffici«t  to  enable  us  to  HiatiignMh 
this  acid  from  every  other.* 
Anaiyus  or  ^.  BcFzelius  was  the  first  chemist  who  at- 
^  tempted  to  determine  the  oompoaitum  of  fonnic 
acid.  He  fbundt  that  anhydious  formate  of  lead 
is  a  compound  of 

F<»imeactd  .100     or  4'€96 

FMoQUdoofletd       298*1    -  U 

♦  Gilbert's  Annukn  dcr  PljvMtk,  LXXI.  107. 
t  Annakof  Philosc»i%,  IX.  107 
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Acoording  to  this  analysis  the  atomic  weight  of 
ibniiic  acid  is  4-(i96.  Now,  the  nearest  multiple 
of  0*1^  to  this  is  4*6^.  Hence,  the  probabili- 
ty  is,  that  this  niunber  represents  the  true  atomic 
weight  Berzelius  analyzed  the  acid  by  burning 
a  certain  proportioa  of  formate  of  lead  and 
chlorate  of  potash  in  a  glass  tube,  precisely  in 
the  way  formerly  described.  He  found  tlxe  con- 
stituents, by  thi3  process,  to  be 

Hydrogen  .  2-8*  or  013135 
Carbon  ,       32-40     -     1 '49850 

Oxygen        .      64-76    -  2*99515 

lOOOO  4*62500 

Hie  second  column,  showing  the  weight  ci  each 

constituent  in  4'6S5,  or  an  atom  of  the  acid,  ap- 
proaches so  nearly  to 

1  atom  hjfvlvogeR  0-185 
8  itoms  carbon  1*5 

3  atoms  oxygen  .  S 

4'625 

that  we  can  have  little  reason  to  hesitate  about 
adopting  these  as  the  true  atomic  constituents  of 
the  acid.  Tlie  only  difference  between  its  ato- 
mic  constttutiou  and  that  of  oxalic  acid,  is,  that 
fonnic  add  contains  an  atom  of  hydrogen  which 
fa  wanting  in  oxalic  acid.  But  the  loose  manner 
in  which  the  constituents  of  this  acid  are  held 
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together,  compared  to  the  stability  of  oxalic 
add,  renders  it  probable,  that  the  secondaiy 
constituents  ot  tXie  two  acids  are  very  difier- 
ent 

8.  Dr.  Gobel  has  given  us  another  analysis  of 
this  acid,  by  means  of  peroxide  of  copper.  He 
analyzed  formate  of  lead,  and  found  it  a  cook 
pound  of 

Formic  add      •       .  4*5693 
Ptotoxide  of  kad      .  14<0744' 
Water  .  1*1063 

19-75* 

Duubllebb  the  ti*ue  numbers  are 

1  ntovn  formic  acicl  .  4*6^5 
1  atom  protoxide  of  iettd  14*000 
I  atom  water  1*125 

19-75 

lie  analyzed  10  grains  of  the  formate  of  lead 
by  heating  it  with  peroxide  of  copper  in  a  glass 
tube.  His  description  of  the  result  of  the  ana- 
lysis is  liol  very  clear,  and  it  seems  to  contain 
some  arithmetical  slips.  When  these  are  correct- 
ed (supposing  the  formate  of  lead  used  anby- 
drous)  the  constituents  obtained  were  tlie  fol- 
lowing : 

*  AiHMk  of  Fhilowpbjr,  (!>ccond  scries)  III.  4ttlk 
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Hy^n§BR       ,      0^)^98  or  0-199 
Girboyi  0*7970    .    1*465  . 

Oxygen  .  -  JUU 

r 

In  this  analysis  tiie  bydrogeu  and  oxygen  ar^ 
exceedingly  near  the  truth.  There  13  n  slight 
deficit  ill  the  carbon,  which,  however,  amount? 
^nly  to  1  per  cent 

4.  The  experimeiits  of  Dobereixier  tend  strong- 
ly to  confirm  the  constitution  of  formic:  acid  as 
deternuned  by  the  preceding  experimeuts.  He 
found  that,  when  concentrated  sulphuric  acid 
was  mixcii  willi  formic  acid,  carbonic  oxide 
was  extricated ;  while  the  acid  became  weaker, 
from  an  addition  of  water.  Now»  it  is  obvious 
that,  if  formic  acid  be  a  compound  of  1  atom 
hydrogen,  2  atoms  carbon,  and  3  atoms  oxygen, 
it  may  be  resolved  into  water  and  carbonic 
oxide;  for, 

1  atom  water  consists  of      1  atom    4"  1  atom    ^  0  atom 

2  atoms  carbooic  oxide  ofO   -      +2    -      ^  2  • 

I       +  a  +2 

iio  that  4t'(i25  grains  of  formic  acid  m^y  be  de» 
composed  into  1*1£5  grain  of  water,  and  3*5 
grains  of  carbonic  oxide,  equivalent  to  11*8 
cubic  uiches  of  carbonic  oxide  gas. 

5.  Dobereiner  has  made  another  curious  dls- 

19 
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covery,  which  has  put  it  in  my  power  to  obtih 

FomiHtion  foruiic  acicL  and  to  ascertain  its  properties.  He 

of  tidsacid  ^ 

imtM.  found  thai^  when  tartaric  acid,  or  bitartniie  of 

potash,  is  mixed  with  black  oxide  of  manganese 
and  water,  and  a  gentle  beat  applied,  an  effer* 
vescence  takes  phice»  and  carbonic  acid  gas  is 

evolved,  w  hile  a  colourless  acid  liquid  passes  o\  ei 
into  the  receiver,  which  is  formic  acid.  When 
sulphuric  acid  is  added,  the  whole  of  the  tartuie 
acid  is  decomposed,  and  a  greater  quantity  of 
formic  acid  is  obtained.  During  tbe  proceai^ 
the  tritoxtde  of  manganese  is  convert^  into 
protoxide,  which  combines  witii  the  sulpliuiic 
acid ;  or,  if  that  add  be  not  present,  with  the 
tartaric  and  formic  acids.  The  best  proportions 
he  finds  to  be 

I  psrt  o£  crystallized  tartaric  acid, 
2^  parti  tritoxide  of  maoganew^ 
^\  parts  of  sulphuric  acid,  which  should  be  dOatsd 
with  twice  or  thrice  its  weight  of  water.* 

It  we  compare  the  constituents  of  tartaric  and 
formic  adds,  we  will  be  enabled  to  see  what 

takes  place  in  this  case. 

KYDROCBN.  r%IIR<>«(.  liXTOtK. 

Tartaric  add  S  +4  +4 
Formic  add       1      +  f  +9 

Diflfeience       1      *f   8  +1 
•  onbtift  AmMho,  LXXI,  lOS. 
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This  diAfenoe  is  radiidUe  to  an  stotti  of  witer 

and  two  atoms  of  carbon.  The  sulphuric  acid 
seems  io  lemove  the  atom  of  water,  which 
stroys  the  equilibrium  of  the  constituetits  of  the 
acid.  The  two  surphis  atoms  of  carbon  are  con« 
mted  into  carbonic  add,  by  unitiBg  with  the 
oxygen  of  the  tritoxide  of  manganese. 

If  we  suppose  all  the  substances  employed  in 
this  ejqperiment  ptire^  it  is  erideat  that  the  alo* 
mic  quantities  iL({iiisite  for  the  decomposition  of 
the  tartaric  acid,  and  iomation  of  formic  acid» 
must  be 

1  atom  tartaric  acid  .  9*375 

2  atoms  tritoxide  of  manganese    1 1 

.  2  atoms  sulphuric  acid       .  12*25 

Or,  2if'75  of  bitartrate  ot  potash  migiit  be  sub- 
stituted with  equal  advantage,  instead  of  the 
9'S7S  of  tartaric  acid. 


SECT.  IX. 

THE  ATOMIC  WEIGHT  OF  URIC  ACID. 

This  acid  ms  detected  by  Scheele,  and  some  of 
its  most  characteristic  properties  determined.  It 
was  aflerwards  examined  more  in  detail  by  Dr. 
Henry  of  Maachester,  who  made  it  the  subject 
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oi'  ills  inaugural  dulsertatioii*  Sime  that  time, 
some  important  additioiis  have  beeii  made  to 
<n]r  knowledge  of  its  piopertieB  «id  ocmstitutioii 
by  Dr.  Prout. 

The  uric  acid  whidi  I  made  use  of  in  the  lol- 
lowing  experimentB  was  obtained  ihxn  tbe  ei* 
cremcnts  ot  tiie  boa  constrictor.  Tiiis  berpeot 
voided  its  exerements  about  once  in  tiie  months 
the  matter  was  white  and  acAd,  and  in  appesr* 
ance  very  similai-  to  the  album  Grux;um  voided 
by  dogs.  A  slight  examinatioii  oi'  it  satisfied 
me  that  it  consisted  almost  entirely  of  uric  acii 
It  was  digested  in  caustic  potash  ley,  by  whidi 
the  greatest  part  of  it  (indeed  almost  the  whole) 
was  disso]\  cel.  The  solution  was  drawn  off  clear 
from  the  undissolved  sediment,  and  mixed  with 
a  sufficient  quantity  of  very  pure  acetic  acid,  to 
saturate  tlie  whole  of  the  potash«  A  copious 
white  precipitate  fell,  which  was  collected  on 
the  filter,  and  thoroughly  washed  by  the  afTusion 
of  a  great  quantity  of  water.  It  was  then  dried 
in  a  gentle  heat,  and  considered 'as  pure  uric 
acid. 

PrrrpcrUcs  1«  Urlc  add  thus  prepaied  was  sometimes  ia 
"Lal"^  the  state  of  an  impalpable  powder— ^sometimes 
in  small  four-sided  prisms,  havinc^  a  good  deal  of 
lustre.  I  was  not  able  to  procure  these  crystals 
at  pleasure ;  but  succeeded  most  frequently 
when  the  precipitate  was  iicpaiatcd  by  Uie  filter 
from  the  supernatant  liquid,  immediatdy  after 
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being  thnmn  down*    When  I  allowed  tlie  pre* 

cipitatcd  acid  to  remain  in  lliu  nioLber  liquor  for 
M  hours,  I  never  got  it  ia  any  otlier  sUte  thw 
an  impalpable  powder. 

Uric  add  is  tasteless,  very  white,  very  lights 
and  qiiite  insoluble  in  water  and  alcohol* 

In  concentrated  ralphuric  acid  it  speedily  as* 
sumes  the  form  of  a  jelly ;  and,  upon  applying  a 
very  gentle  heat,  a  complete  aolutioii  is  obtained* 
without  in  the  least  affecting  the  colour  or  ti  ans- 
parency  of  the  acid.  In  nitric  acid,  eveu  tiioi^b 
dili]te»  it  dissolves  with  effervescence*  The  so* 
lution  is  nearly  colourless,  and  when  il  is  evapo- 
rated to  dryness*  it  leaves  a  sediment  having  a 
besnitifiil  pink  colour ;  and  if  water  be  poured 
over  it,  a  most  lovely  jgiuk  coloured  solution  is 
obtakied-^which*  however,  cannot  be  preserved 
for  any  length  of  time  without  entirely  losing  its 
colour.  In  muriatic  acid  it  dissolves  only  in 
small  proportion,  the  undissolved  part  assuming 
a  fine  white  colour.  If  uric  acid  be  precipitiited 
with  a  tinge  of  butf  or  yellow,  which  sometimes 
happens,  the  easiest  way  of  restoring  the  whiter 
ness  is  to  digest  it  in  pure  muriatic  acid.  hen 
the  muriatic  add  is  evaporated,  it  leaves  a  slight 
sediment  upon  the  bottom  of  the  vessel,  which 
has  a  yellowish  brown  colour,  and  which  is  not 
altered  by  pouring  water  over  it* 

^.  Uric  acid  may  be  united  with  the  different 
bases  by  boiling  it  in  water,  holding  the  wLslied- 
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for  base  in  solution.  The  tiratas  of  potash,  soda, 

lime,  barytes,  and  strontian,  formed  in  this  way, 
almost  exactly  resemble  the  uric  acid  itself  in 
appearance.  Dr.  Prout  has  shown  that  urate  of 
ammonia  is  the  most  soluble  of  all  the  mates. 
This  salt  reddens  vegetable  blues  like  uric  acid 
itself;  and  1  grain  of  it  is  soluble  in  480  gnam 
of  cold  water* 
S.  ll'£5  grains  of  uric  add  were  exposed  for 

®4  hours  to  ci  heat  of  about  lOO",  upon  a  sand 
bath :  the  acid  was  placed  upon  a  watch  glass, 
over  which  another  watch  glass  was  inverted^ 
partly  to  prevent  any  accidental  impurity,  and 
partly  to  prevent  any  of  the  acid  from  beii^  d» 
sipated  or  suMimed  without  my  knowledge.  Some 
water  was  seen  to  attach  itself  to  the  upper  glass, 
but  in  less  than  an  hour  all  appeamnce  of  moiB* 
ture  had  vanished,  and  no  farther  sensible  altera- 
tion took  place.  The  crystals,  thus  treated,  being 
weighed,  were  found  to  have  lost  0*d5  gnuns  of 
their  weight,— the  colour  was  rather  darker  than 
beibre  this  treatment,  but  no  other  alteratuMi 
could  be  perceived  in  the  appearance  of  the 
crystals.    When  treated  with  nitric  acid,  they 
exhibited  the  very  same  phenomena  as  uric  acid 
whidi  had  not  been  exposed  to  beat.   iVom  this 
experuuent  it  appears,  that  crystallized  uric  acid 
is  composed  of 
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Real  tdil       ...  9 
Water  •  M5 

* 

As  2'25  l  epre^^ciits  2  atoms  ol"  walcj  ,  the  proba- 
ble iufereuce  irom  this  experiaieat  is,  that  the 
atomic  weight  of  uric  acid  is  9»  and  that  the 
crystals  constitute  a  hydrate  composed  of 

2  atoms  water         .       .  2*25 
1  atom  uric  add      •      .  9 


11-25 


4*.  18  grains  of  crystallized  carbonate  of  soda  Analysis  of 
were  dissolved  ia  distiUed  water,  and  to  the  m}^^S^*^ 


lulkm  lt*i25  grains  of  crystallized  nfic  acid  weie 

added.  This  mixture  being  digested  for  some 
hours  on  the  sand  batb»  the  whole  uric  add  dis«> 


I  III 

obtained;  wliicii,  however,  still  rendered  cud* 
bear,  paper  violet  The  solution  being  set  asidei 
a  •bulky  and  beautifiilly  white  precipitale  of  mate 
of  soda  fell :  this  precipitate  beuig  separated  oa 
a  ctouUe  fiHer»  well  washed  and  dried  in  the 
open  air,  was  found  to  weigh  8*56  grains ;  and, 
when  exposed  to  a  lieat  oi*  between  300°  and 
400^»  it  lost  very  nearly  1*195  grainsbr-the  lesi- 
diKd  liquid  was  supersaturated  with  muriaticadd 
and  evaporated  to  dr}'ness — the  residual  matter, 
which  was  white»  with  a  shade  of  brown^  weighed 
6*94  grains.    It  was  heated  to  redness^  lixiviated 
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with  distilled  water,  and  the  water  evaporated  to 

dryness  iu  a  glass  capsule ;  the  common  salt 
which  remained  behind  weighed  2'94t  grains, 
equivalent  to  1*568  grains  of  soda* 

In  order  to  understand  the  preceding  experi- 
menty  it  is  necespaiy  to  know  that  the  crystab  of 
carbonate  of  soda  are  composed  of 

1  atom  carbonic  add  8*75 
1  atom  flocla  •       •  4 

10  atoms  water         •       .  11*25 

18 

So  that  18  grains  of  this  salt  are  equivalent  to  4 
gvftins  of  soda.  Let  us  now  analyze  the  precede 
ing  experiment. 

(!•)  We  see  from  it  that  uric  acid  (contrary  to 
the  present  opinion  of  chemists)  is  capable^  ia 
time,  oi  tlnvnifi^  off  the  whole  of  tlic  carbonic 
acid  from  carbonate  of  soda»  and  taking  the  place 
of  that  acid.  No  effierveacence  took  place  when 
the  muriatic  acid  was  poured  into  the  residual 
liquid  from  which  the  urate  of  aoda  had  precips- 
tated«^-a  proof  that  the  whole  soda  had  united  to 
tbe  uric  acid.  It  appears  frcmi  this,  that  urate 
of  soda»  while  in  solution,  has  the  proper^  of 
giving  a  violet  colour  to  cudbear  paper,  so  that 
the  acid  does  not  destroy  tlie  aikaime  quahtiea  of 
the  soda. 

(5.)  The  urate  of  soda  which  reuiamed  m  so- 
lution must  have  consisted  of 


Dig'itized  by  Google 


UlUC  ACIU. 


161 


Uric  add      ...  4 

ijotla  .       .       .  l-.>h8 

toTf  if  we  aubtract  tiie  weight  ot'  the  comnion 
salt  (^'94^  grains)  from  that  of  the  residual  mat- 
ter, (G'9h  grains)  tliere  remain  4*,  which  must  be 
uric  acid ;  and        grains  of  common  salt  are 

equivalent  to  l*5(i8  grains  ot  soela. 

(p,)  The  8*^(j  grains  of  urate  ot  soda  obtained 
by  precipitation,  obviously  contained  grains 
of  soda.  When  heated,  this  salt  lost  0'656  ^rain 
of  its  weight,  wliicli  was  water,  for  it  condensed 
on  the  glass  placed  over  the  evaporating  capsule, 
liciice,  it  is  obvious  that  the  urate  of  soda  was 
composed  of 

Uric  acid  .  5*478 

Soda  2'4m 

Water  .       .       •  0-656 

8-560 

Let  us  reduce  this  to  what  the  weight  of  each 

ingredient  would  be  if  the  soda  had  amounted 
to  4  grains,  which  is  equivalent  to  an  atom  of 
that  alkali,  and  we  have  the  constitution  of 
urate  of  soda  as  iollows : 

Uric  acid  ...  9 
Soda  ...  4 

Water  'l<079 
Vol.  II.  L 
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y  must  denote  the  atomic  weigljt  of  uric  acid— 
1079  is  a  very  little  less  than  an  atom  o^  wa- 
ter. There  can  be  no  doubt,  from  this  analysk^  1 
that  the  true  coniposition  of  urate  of  soda,  sup- 
osing  it  to  retain  all  its  water  of  crystallizatioo, 
is  as  follows: 

1  atuai  uric  acid  .  •  9 
1  atom  soda  .  4 

1  atom  water        •       •  1*125 

14*185 

Compoii.      5,  £)|»,  Prout  made  a  very  careful  analysis  of 

tion  of  unc  . 

•cid.       uric  acid,  by  exposing  the  acid  in  the  state  ot 

*  I 

hydrate  to  heat,  mixed  with  the  requisite  qoso-  { 

tity  of  peroxide  of  copper.  He  found  cua-  | 
stituents  as  follows : 

5  alonis  hydrogen  «  0*25 

6  atoms  carbon    ...  as  4*5 

2  atoms  azote  .       .  =  3 

3  atoms  oxygen        .       .  ^  3*0 

11«25 

I 

The  weight  of  the  hydratei  according  to  this 

analysis,  is  11-25 — just  what  I  found  it  to  be  is 
the  preceding  experiments.  But  we  have  seen 
that  this  hydrate  contains  2  atoms  water,  and  ' 
•  that  the  tnie  atomic  weight  of  the  anhjilrous 
add  is  9*  To  obtain  the  true  constitution  of  the 
anhydrous  acid,  we  must  take  away  from  the 
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preceding  constituents  2  atonic  hydrogen  and 
atoms  oxygen ;  this  will  give  us  the  component 
parts  of  uric  add  as  foUom : 

6  atoms  carbon         •  =  4-5 

8  atoms  asote  •      «  S*5 

1  alum  uA)  geii  .       .       =  1  '0 


Thus,  uric  acid,  when  anhydrous,  contrary  to 
the  opinions  hitherto  entertained  by  chemists, 

contains  no  hydrogen,  and  instead  of  a  quaternary 
is  only  a  ternary  compound,  like  the  vegetable 
acids.   It  contains  a  much  smaller  proportion  of 

oxygen  than  any  of  the  vege table  acids. 
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OF  THE  ATOMIC  WEIGHT  OF  FLUOlliC  ACID 
AND  ITS  COMPOUNDS. 

The  investigation  of  the  atomic  weight  of  fluo- 
ric acid  is  attended  with  particular  difficulties, 
owing  to  the  great  tendency  which  it  has  to 
combine  with  &iiica.  The  fluor  spar  employed 
for  procuring  it  is  seldom  quite  free  from  silica ; 
but  the  specimens  selected,  in  order  to  procure 
the  acid  for  investigation,  must  be  q^uite  pure. 
The  spar  must  be  reduced  to  powder,  mixed 
with  sulphuric  acid,  and  heated  in  metallic  ves- 
sels, and  the  fluoric  acid  must  be  received  in 
a  metallic  vessel ;  for  if  the  acid  come  in  con- 
tact with  glass  it  is  instantly  converted  into 
fluosilicic  acid.  I  employed  a  leaden  alembic 
and  receiver  for  preparing  the  acid ;  but  I  find 
that  it  cannot  be  kept  in  a  leaden  vessel  for  any 
length  of  time,  for  tlie  lead  is  soon  corroded, 
and  an  insoluble  fluate  of  lead  formed*  Vessels 
of  silver  answer  very  well  for  keeping  it,  pro- 
vided the  stopper  be  air  tight  ^  tor  it  is  so  vol- 
atile  as  not  to  be  easily  confined.  I  put  a  vQBsel 
containing  it  upon  a  shelf  in  a  press,  where  I 
keep  my  collection  of  acids  in  glass  phials ;  on 
opening  the  press  door  some  days  after,  I  was 
surprised  to  observe  all  the  phials  quite  opaque, 
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and  white  on  the  outside^  as  if  they  had  bea 

coated  over  with  silica.  The  fluoric  acid  had 
made  its  escape,  and  had  corroded  the  whole  of 
the  surface  of  every  one  of  the  phiah. 

6ECT.  1. 

OF  THE  ATOMIC  WEIGHT  OF  FLUOBIC  ACID. 

The  properties  of  pure  fluoric  acid  have  been 
detailed  with  great  accuracy  by  Gay-Lussac 
and  Thenard,  and  Jby  Sir  H.  Davy«  I  have  no- 
thing to  add  to  the  statements  of  these  eminent 
chemists,  except  to  say  tliat  I  found  them  all 
quite  exact  so  far  as  I  repeated  them* 

1.  The  only  person  who  has  attempted  to  de* 
termine  the  atomic  weight  of  iluonc  acid,  so  far 
as  I  know,  is  BerzeUus*  And  it  will  be  worth 
while,  before  I  detail  the  experiments  which  I 
have  myself  made,  to  state  tliose  of  this  most 
laborious  and  accurate  experimenter.  He  en- 
deavoured to  detennine  the  atomic  weight  of 
tliis  acid  by  analyzing  fluate  oi  silver,  fluate  oi 
barytea^  and  fluate  o!f  lune,  each  in  as  pure  a 
state  as  he  could  prepare  them. 
Berrciiu.'     (1.)  4-936  parts  of  fused  fluate  of  silver  left. 

expert-  t_        i»  i 

ments  to   wueu  dlssolvcd  in  water,  0*185  of  metallic  aiher 

determine  j         .  .  ^  n 

the  atom  of — SO  that  tile  quautity  of  iiuate  of  silver  actually 
dissolved  was  i75l  parts.  This  solution  being 
precipitated  by  sal-ammoniac,  fuiiiished  5*349 
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parts  of  fused  chloride  of  silver,  which  is  equiv- 
alent to  4*32316  parts  of  oxide  of  silver.  Con- 
Mqueutly,  if  the  fluate  of  silver  was  anhydrous^ 
and  composed  of  fluoric  acid  and  oxide  of  silver, 
its  constituents  must  be 

Fluoric  acid        0*487S4   or  1*45965 
Oxide  of  flUver    4-32316    -  14  75 

4-75100  • 

(2.)  Six  parts  of  fluate  of  barytas,  when  de- 
composed by  sulphuric  acid»  yielded  7*968  parts 

of  sulphate  of  bary  tes,  equivalent  to  5-267  parts 
of  sulphate  of  bary  tes.    Hence,  fluate  of  bary  tes 

is  composed  of 

Fluoric  acid        0*7dS   or  1-35693 
Barytes  5-867    -  9*75 

6000 1 

(3.)  Ten  parts  of  very  pure  traiispaieut  tiuate 
of  Kifie  from  Derbyshire^  when  decomposed  by 
sulphuric  acid,  furnished  17*368  parts  of  sul- 
phate of  hme,  equivalent  to  7'15153  parts  of 
•iinie.    Henoe,  fluate  of  iime  is  composed  of 

Fluoric  acid        2-84847    or  139446 
Lime  715153    -  3-5 

10-00000 

(4,)  Sir  II.  Davy  had  made  a  previous  analy- 
sis of  fluor  spar  which  deserves  to  be  stated.  He 
found  its  constituents 

L4 
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Fluoric  tcid       li7*8i*9   or  1*3514 
Lime  T^'l^l     •  3'S 


100*000 


The  second  column  of  ficjures  exhibits  the  uLo. 
mic  weigiit  of  fluoric  acid,  according  to  these 
experiments.  The  reader  will  perceive  that 
the  analysis  cannot  be  perfectly  accurate,  l)C- 
cause  a  diiieient  atomic  weigiit  is  obtained  from 
every  salt  examined. 

From  flnate  of  silver  it  Is 

FVom  P<»r7.elius'  .inn1ysi»  of  riuor  spar  it  is  1-39446 

From  rtuate  oi  l)arytes  it  is      .       .       ,  I  S.'jfif)" 

From  Davy's  analysis  of  fluor  8|Mir  it  is  1*3514 

The  highest  atomic  weight  is  1^965  and  the 

lowest  1*35 14. 
^«  i  prepared  some  very  pure  filiate  of  soda 
thesmbor.  \yy  the  followinf^  process :  Two  ounces  of  car- 
bonate of  amniuniii  were  dissolved  in  water,  aod 
a  cnrrent  of  fluosilidc  acid  gas  was  passed 
through  the  liquid  till  the  ammonia  was  satura- 
ted. The  solution  was  then  filtered  into  a  silver 
bason,  and  carbonate  of  soda  added  by  small 
quantities  at  a  time,  till  the  ammonia  was  al- 
most all  driven  oh',  and  iluate  of  soda  ibrmeiL 
The  whole  was  then  evaporated  to  dryness  in  a 

vcr  bason,  and  the  dry  salt  redissolved  in  wa- 
ter and  filtered  again,  to  get  rid  of  a  little  silica 
which  it  still  contained.    The  clear  liquid  was 
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evaporated  in  a  silver  cnidUe  till  the  fluate  of 
soda  crystallized.  It  formed  transpareut  crusts 
mry  like  ice,  having  a  saline  but  not  a  strong 
taste ;  it  was  heated  in  a  silver  crucible  till  its 
water  of  crystallizatioa  was  expelled*  In  this 
state  it  formed  opaque  white  crusts,  which  be- 
came  aofain  transparent  wlien  put  into  water. 
The  salt  had  been  prepared  with  so  much  care, 
flurt  there  was  no  reason  to  doubt  of  its  purity, 
la  order  to  be  sure  that  it  was  quite  anhydrous, 
the  crucible  ooutaining  it  was  raised  to  a  low  red 
heat  before  every  experiment. 

(1.)  5^  grains  of  this  salt  (which  was  neu- 
tral) were  dissolved  in  a  little  water  in  a  pla- 

tiiium  crucible. 

Into  another  platinum  crucible  were  put  6*^ 
grains  of  pure  calcareous  spar,  (equivalent  to 
S'5  grains  of  lime,)  which  were  dissolved  in  di- 
lute muriatic  acid  $  the  solution  evaporated  to 
dryness,  and  the  salt  which  was  left  was  dissol- 
ved in  water. 

These  two  liquids  being  mixed  together,  a 
double  decomposition  took  place,  fluate  of  lime 
being  deposited,  and  muriate  of  soda  remain- 
ing in  solution.  The  crucible  containing  the 
\viiole  contents  was  put  on  the  sand  bath,  and 
the  whole  liquid  evaporated  to  dryness  by  means 
of  a  very  gentle  but  long  continued  heat  A  little 
hot  distilled  water  was  then  poured  on  the  dry 
saline  mass,  and  allowed  to  remain  digesting  on 
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it  in  a  very  moderate  heat  for  twenty*four  bowi. 

A  little  of  the  water  was  then  drawn  oiT,  and 
tested  with  oxalate  of  amnionia  and  muriate  of 
lime.  It  did  not  become  in  the  least  muddy  or 
even  opalescent,  sli owing  that  it  contained  no 
sensible  quantity  either  oi  hme  or  tiuoric  acid. 

The  fluate  of  lime^  formed  in  this  experiment, 
was  carefully  collected  on  a  double  filter,  washed 
and  dried,  first  in  the  open  air,  and  then  heated 
to  redness.  Its  we^ht  certainly  did  not  difler 
by  ih  til  of  a  grain  irom  4*75  grains. 

From  this  experiment,  which  was  repeated 
four  or  five  times  before  I  succeeded  in  remov- 
ing all  ambiguity  tirom  the  phenomena,  it  is  evi- 
dent that  5ii5  grains  of  anhydrous  fluate  of  soda 
contain  just  the  quantity  of  acid  necessary  to 
saturate  3*5  grains  oi  lime  »  and  that  the  iiuate 
uoT^fin       formed  weighs  475  grains.  Hence,  it  miut 

ate  of  iime.  COUSiSt  of 

Fluoric  acid  1-25 
Lime  3*5 

8*5  being  the  atomic  weight  of  lime,  and  the  salt 
^J^^^^  being  neutral,  it  is  obvious  that         must  de- 
note the  weight  of  an  atom  of  fluoric  acid.  It  is 

obvious,  likewise,  that  the  anhydrous  Huate  of 
soda  was  composed  of 

Fhioric  acid  1*«5 

Soda  4 

5-25 
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for  it  was  neutral,  and  contained  (as  we  have 
seen)  1*^  of  fluoric  add,  wbich«  being  equiva* 
lent  to  an  atom,  required  fbr  saturation  4,  or  an 

atom  of  soda. 

(^)  5ii5  grains  of  anhydrous  fluate  of  soda, 
and  18'25  grains  of  chloride  of  barium  were  dis- 
solved in  separate  portions  oi  water,  tlie  iiquids 
were  mixed  together,  and  evaporated  to  dryness 
in  a  platinum  ci  uciblc  bv  means  of  a  very  gentle 
heat.  Distilled  water  was  poured  upon  the  re- 
sidue, and  digested  on  it  for  twenty-feur  hours. 
A  little  of  it  was  then  drawn  oft)  and  tested  with 
sulphate  of  soda  and  muriate  of  barytes ;  but  it 
waa  not  in  the  least  affected  by  either  of  these 
i^eagents,  showing  that  it  contained  no  sensible 
quantity  either  of  bary  tes  or  of  fluoric  acid. 

The  fluate  of  barytes  formed  in  this  experi-Fiaatoqr 
mcnt,  being  collected  on  a  double  iiiter,  washed, 
dried,  and  heated  to  redness,  weighed  ahnost  ex- 
actly 11  grains. 

This  experiment  agrees  with  the  preceding, 
and  serves  to  confirm  it.  We  see  that  anhydrous 
fluate  oi  bar^te^i    composed  of 

Fluoric  acid  1*25 
Barytes  9*75 

11 

and  that  1*25  grains  of  fluoric  acid  just  saturate 
9*7^  grains  of  barytes.  This  experiment,  like 
the  preceding,  was  made  four  or  five  times  be- 
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fore  I  thought  of  evaporating  tiie  whole  liquid 
to  diyness.  I  found  tracts  both  of  fluoric  add 
and  of  barytcs  in  tlie  liquid,  whatever  proportion 
of  the  two  salts  I  mixed  ^  it  was  the  "^^me  thing 
with  the  ilaate  of  lime*  To  expel  these  two 
salts  completely,  we  must  evaporate  the  liquids 
contBioiog  them  to  dryness*  Then  they  become 
insoluble,  and  we  can  easily  determine  by  means 
of  a  little  water  whether  any  of  the  fluate  of 
soda,  and  of  the  muriate  of  lime»  or  muriate  of 
barytes  originally  employed,  still  exist  in  the 
dry  salt  formed. 
^T"^  (3.)  I  tried  whether  solutions  of  5*25  gxaim 
of  fluate  of  soda,  and  S0*75  grains  of  iritrate  of 
lead  would  completely  decompose  each  other, 
but  the  experiments,  though  frequently  repeated, 
led  to  no  satisfactory  results ;  tor  1  could  detect 
both  fluoric  acid  and  oxide  of  lead  in  the  ieai« 
dual  liqnid,  whether  I  employed  the  salts  io 
tiiese  proportions,  or  increased  or  dimidishcd 
the  quantity  of  fluate  of  8oda«  I  waanotattbat 
time  aware  of  the  effect  produced  by  c\  aporating 
the  mixture  to  dryness,  and  alter  I  became 
aware  of  it,  my  stock  of  fluate  of  soda  was  too 
far  exhausted  to  allow  me  to  resume  my  experi- 
ments with  nitrate  of  lead,  without  the  risk  of 
not  leaving  enough  to  determine  the  atomic 
weight  oi  fluoric  acid  exactly,  by  means  of  mu- 
riate of  lime  and  muriate  of  barytes,  which  I 
considered  as  of  most  importance. 

16 
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(4.)  These  experiments  show  decidedly  that 
tiie  atomic  weight  of  fluoric  acid  is  1*^.  It  is 
obviousy  therefore,  that  the  true  constituents  of 

fluate  of  barytes  aie 

Fluoric  add  0-6818 
Borates  5-3182 

6-0000 

instead  of 

FliMTic  aoid  0*7SS 

6-000 

the  proportions  found  by  Berzelius,  owing  pro- 
bably to  a  little  siUca  existing  in  his  fluate  of 
barytes. 

It  is  equally  obvious,  that  the  true  composi- 
tion of  fluate  of  lime  is 

Fluoi^acid  26-3158 
Lime  7d*684fi 

100-0000 

which  approaches  nearest  to  the  analysis  of  Sir 

H.  Davy.  I  made  some  experiments  with  fluor 
^ar  in  the  same  way  as  Berzelius  j  but  they  did 
not  agree  with  each  other  so  closely  as  to  induce 
me  to  put  much  coiitidcnce  in  their  accuracy. 
Indeedt  unless  we  were  assured  before  hand  of 
the  perfect  purity  of  the  fluor  spar  employed. 
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the  analysis  of  it  could  nui  lead  to  my  usrful 
result* 

SECT.  II. 

OP  THB  ATOMIC  WSIGHT  OF  FLUOSaiCIC  AaO. 

When  sulphuric  acid  is  poured  upon  the  powder 
of  fluor  spar  in  a  glass  retort,  or  upon  a  mixture 
of  pounded  glass  and  fiuur  spar,  and  heat  ap- 
plied, it  is  well  kuowD  that  a  gas  is  extricated, 
which  was  long  distinguished  by  the  name  of 
fluoric  acid  ;  but  the  presence  ot*  silica,  which 
had  been  recognised  in  it  from  the  first,  has  in* 
duced  modem  chemists  to  give  it  the  name  of 
fluosilicic  acid.  For  by  far  the  most  accurate  set 
of  experiments  on  this  gas  we  are  indebted  to 
Dr.  Davy.* 

The  specific  gravity  of  tliis  gas,  as  determined 
by  Dr.  Davy,  is  3*5735.  1«  found  the  specific 
gravity  3«5831S;  but  the  specimen  examined 
contained  a  very  small  proportion  of  commuu 
air.  The  quantity  of  this  mixture  being  ascer* 
tained  and  deducted,  I  found  tliat  the  real  spe- 
cific gravity  was  3-6  ;  for  reasons  which  will  ap- 
pear immediately,  I  consider  the  true  specific 
gravit}  oi  this  gas  to  be  3'(illl,  that  of  air  being 
reckoned  unity.  Consequently,  100  cubic  inches 

»  FULTnttM.  181?.  ^3S6L 
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of  it  at  the  temperature  of  60°,  and  wheu  the 
barometer  stands  at  dO  inehes,  weigh  llO-ldSd 
graios. 

When  this  gas  is  placed  in  contact  with  liquid 
ammonia  it  is  rapidly  absorbed,  while  the  silica 
which  it  contains  is  deposited  in  a  gelatinous 
state.  Dr.  Davy  found  that  40  cubic  inches  of 
the  gasy  when  thus  treated,  deposited  grains 
oi  silica.  Upon  repeating  the  experiment,  I 
obtained  2J'l  grains  of  silica ;  but  having  pro- 
cured an  apparatus  by  which  I  coald  measure 
the  volume  ol  the  gas  to  within  r^th  of  a  cubic 
iach»  the  weight  of  the  silica  obtained  from  40 
cubic  inches  of  the  gas  was  ^*14  grains,  or 
more  nearly  27*145  grains.*  Now,  the  weight 
of  40  cubic  inches  of  this  gas  is  44-0654.  grains* 
Consequently,  ii  appcais  from  this  experiment,  ^p!^;^ 
that  fluosihcic  acid  is  a  compound  of  siiicicadd. 

Fluoric  add      16*9104   or  1-95 

Silica  -     2  006 

44*0554 

is  the  atomic  weight      fluoric  acid»  and 

•  'Ifu-s  expcrinu  lit  h  of  vory  fUfficult  execution,  .uul  tA>st  uu*  mudi 
labour  and  time  before  I  was  able  to  execute  it  witii  tlie  retiuisitc  piecisi  Jti. 
The  silica  i%  very  bulky  and  light,  ami  is  apt  to  Ik*  dissolved  by  the  WHfcr 
cmployctl  lo  wash  it.  In  con<?c<7uencc  of  tiii--.  I  c>l)Uiined  always  ii  o  Intk- 
niica  at  hr^t,  tiii  I  discovcreti  the  Mmrce  ot  tlie  diuiinution.  I  have  omitteti 
all  tltQ  unhucce&iful  cxperimeiitv  'iliose  given  in  liie  text  I  coosider  as 
yvry  near  tlw  truth 

9 


Dig'itized  by  Google 


176      FLUORIC  ACID  AND  m  C  OMFOUNDS* 

^•006  approadies  so  imrly  to      the  atomic 

weight  of  silica,  that  we  can  have  no  hesitatiou 
in  considering  fluosiiicic  acid  as  a  compound  of 
1  atom  fluoric  acid  and  1  atom  aUiGai  hence,  its 
atoouc  weight  is  3*^. 

It  was  shown  in  the  seventh  chapter  of  this 
work,  that  if  we  multiply  the  atomic  weight  of  a 
gaseous  body  by  1*1111  (the  specific  gravity  of 
oxygen  gas)  or  0*5555,  (half  the  specific  gtavity 

ol"  oxygen  gas)  oi'  by  0*2777  (ith  of  that  spcatic 
gravity)  we  obtain  the  spedtic  graivit^  of  t^e 
gaseous  body  so  multiplied.  Now,  S*ft5  x 
I'llll  =3*Glll.  This  number  approadies  so 
neariy  the  Bptd&c  gravi^  of  fluosilaoic  acid  de- 
termined experimentally,  as  to  leave  no  doubt 
that  it  represents  the  true  spt^ciiic  gravity  of  this 
gea. 

The  speciiic  gravity  of  fluosiiicic  acid  gi^-? 
then,  is  3*6111,  and  its  atomic  weight  3'ii5f  aud 
it  is  a  compound  of  1  atom  fluoric  acid  and  1 

aloui  silica. 

As  this  gas  is  decomposed  when  it  comes  in 
contact  ¥rith  water,  there  are  very  few  of  its  sa- 
line combinations  which  we  have  it  iu  uur  power 
to  form ;  for  the  dry  bases,  as  far  as  my  triab 
went,  did  not  exhibit  any  disposition  to  absorb 
it  When  one  volume  of  fluosiiicic  acid  gas  is 
mixed  with  two  volumes  of  ammoniacal 
tiiey  condense  eacii  other  into  a  wintc  solid  salt, 
wliich  is  obviously  a  fluosilicate  of  amm<HWU 
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This  salt  if  a  white  powdcty  whieh  has  0,  miim 
taste,  f>retty  similar  to  that  ot  B2it&,m\mjmfi* 
When  laid  dry  xxpost  litmus  ft^r  it  doesi  9m4 
pvodon  ally  aheixaiicniy  but  when  a  drop  of 

water  is  added,  the  litmus  paper  becomes  red. 
fluosilicate  of  ammonia  dissolves  in  water ;  but 
flocks  of  silica  are  at  the  same  time  disengaged, 
and  the  solution  reddens  vegetable  blues. 
Hence,  it  is  obvious,  that  water  has  the  property 
of  destroying  this  salt  by  decomposing  itB  aeid. 

From  the  account  giveu  oi  huosiiicic  acid  in 
tho  fmisdii^  fmrt  of  tii^  aeociqiis  it  ||  glMqiom 
that  it  resembles  oxygen  gas  in  the  nqn^ber  of 
atoms  isojutamed  in  a  givm  yo^wm  tk^.  gUfi 
but  oxygen  gaa  emtaittB  fquf  tHse^  tm  itms 
atoms  in  a  given  voiuiuc,  aii  ammoniacal  ^^as  doe$, 
It  fallows  trom  this,  that  the  flitoiiiiisate  pt' 
iiioiiia,.fQraifid  by  oslilng  tbi  tw^  gM^s>  is  ^ 
compound  of  j  atoms  fluosilicic  acid,  aiiJ  1  atom 
oi  ammonia ;  or  it  is  a  bifluosUiciUie  aounpniaf 
Hence,  its  oompositiofi  and  atomic  we^t  must 

be  as  follows : 


It  is  obviously  auliydrous. — i  did  not  find  that 
one  volume  of  flnosilicic  gas  was  capable  of  con- 


iacal  gas.  I 
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succeeded  onoe  id  obtaiDiiig  a  completB  con- 
densation by  mixing  three  volumes  of  the  add 
gas  with  four  volumes  of  the.  lUkalioe  gas;  but 
a  repetitkm  of  the  experisieDt  did  not  flumeiL  | 

SECT.  in. 

I 

or  THK  ATOIUC  WEIQHT  OF  nUOOOBIC  ACI0. 

k  I 

■  I 

Mmais.  Cbjr-LiMac  and  Tfaenard  disoovvnd  I 

another  compound  gas,  one  of  the  ingredients  ot 
which  is  fluoric  acid»  and  the  other  boiaotc  acwl 
It  htts  been  geomUfy  distingiiished  fay  the  nssit  ' 
of  fiuobork  acid.   They  procured  it  by  e^qK)aiBS  \ 
a  mixture  of  floor  spaur  and  anhydrous  boiacic 
acid  to  a  strong  heat.    The  gas  came  ow  is  i 
abundance^  and  was  collected  over  mercttiy* 
Dr.  Davy,  to  whom  we  are  indebted  Ibr  an  es- 
cellcnt  set  of  experiments  on  this  gas,  procured 
it  by  mixing  together  one  pai  t  of  anhydrous  be- 
rade  add  and  two  parts  of  fluor  spar  in  a  feiMi 
and  pouring  twelve  paii:s  of  sulphuric  acid  on 
the  powder«   When  the  heat  of  a  lamp  is-  sp* 
pKed,  the  gas  comes  over,  mid  it  must  be 
oeived  over  mercury.    I  prepared  the  gas  by 
Dr.  Davjr'smethodt  not  .  having  been  pvovideil 
with  an  apparatus  similar  to  that  employed  by 
the  F^ch  chemists  >  but  X  ibuod  the  psocess 
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very  tedious,  and  the  quantity  of'  gas  obtained 
but  soiaU. 

•  The  specific  gravity  of  this  gas  was  found  by  Sped^c 
Dr.  Davy  to  be  2'3709.  I  took  its  ipedfic 
gravity  two  dififerait  times  with  great  care^  and 
obtained  2-398  k  This,  as  will  appear  immedi- 
ately, exceeds  the  theoretical  specihc  gravity  by 
a  quantily  rather  too  great  to  be  ascribed  to 
error  in  experimenting.  I  was  long  unable  to 
account  for  this  difference  j  I  could  perceive  no 
mistake  in  the  process,  and  a  repetition  of  it 
gave  me  almost  exactly  the  same  result  I  found 
that  the  gas  contained  a  dight  mixture  of  fluo^ 
silicic  acid  gas.  The  volume  of  this  beii^  de- 
termined,  and  allowed  for,  reduced  die  specific 
gravity  of  fluoboric  acid  gas  to  ^*d88dd,  which  is 
still  above  the  theoretical  gravity.  At  last  1 
discovered  that  this  gas  carries  along  with  it  a 
Utde  snlpharic  acid»  whicb»  of  coiuse,  increaaes 

its  gravity  somewhat  According  to  the  most  ^ 
MCtiiald'  exp^iriments  which  I  could  make,  IQO 
eobio  inehes  of  the  fluoboric  acid  gas  which  i 
ewminedy  contained  about  0*8  giaia  oi  sulphu- 
ric MiL  Now»  if  fiom  7^844  gnuQs^  wUchi  I 
found  to  foe  the  weight  of  lOD  cubic  inches  of 
this  gas,  we  subtract  0*8,  there  will  remain  7^*0^ 
gtiuMulbr  the  tme  wti^t  of  fluoboric  acid  gas. 

This  will  make  its  specific  giavity  Q'H6Q'2,  Now, 
we  sha^l  «ee'  immediately,  tiiat  the  ^theoi^tiGal 
sp«eiiio  gravity^  which  undoubtedly' mtist  be  ex* 
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act,  is  ^-3611 — a  number  which  comes  within 

5^th  part  of  the  actual  result  of  experiment 
difference  coottderably  within  the  unavdd- 

able  errors  of  experiment. 
1  iuoi>onite    ^  Dr«  Davy  found  that  tiuoboric  acid  gas, 
Biar*°^  and  ammoniacal  fsfas,  combined  with  each  other 

io  tlie  three  ibliowmg  proportions : 

(1.)   iVolm-eiaoMcgas  yusait. 
1  volume  mBmonitou  gae  J 

(3.)    1  volume  fluoboric  ga.        1  ^^^^^^^^^^  ^ 
S  volumes  ammoniacal  gas  j 

Upon  repeating  these  experiments  I  obtained 

the  very  same  results. 

From  what  was  said  in  the  seventh  chapter  of 
this  treatise,  it  will  be  e^dent  to  the  reader, 
that  ammoniacal  gas  is  twice  as  bulky  with  re- 
htion  to  its  atomic  weight  as  any  of  the  other 
gases,  with  the  exception  of  the  firar  con- 
tained in  the  same  table  vvitli  it.  Consequently, 
if  we  consider  a  volume  of  fluoboric  acid  gas  u> 
represent  an  atom,  it  is  dear  that  an  atom  of  am- 
monia must  be  represented  by  two  volumes  ot 
that  gto.  It  is,  tfaer^ore,  tJie  second  of  the 
compounds  of  the  two  gases,  coiimting  cf  1 
lume  tiuoboric  gas,  and  2  volumes  annnoniacal 
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gas^  that  represents  the  neutrai  compound  of  1 
atom  of  each  constituent. 

Now, 

1  voiiuas  fliwbqffie  jaj  waitfw      ^'^il   or  4'&5 
g  Tdmnea  wnmoniao)  1*1805    -  2-1S5 

2*125  represents  the  weight  of  an  atom  of"  iitn- 
monia,  and  4*25  must  represent  the  weight  of  an  ^ 
atom  of  fluoboric  acid.  Now,  an  atom  of  bora^ 
cic  acid  being  3,  and  an  atom  of  fluoric  acid 
1*^,  it  is  evident  that  fluoboric  acid  is  a  com-* 
pound  of  1  atom  of  boracic  add  and  1  atom  of 
tiuoric  acid  united  together.  For 

Tlie  solid  salt,  composed  of  1  voiuuie  Uuobo* 
ric.  add  and  1  Tplume  amnMniacal  gas,  is 
vtously  a  bifluoborate  of  ammonia,  composed  of 

I  atom  amnonia      •  2*1S5 

10-6S5 

So  that  an  integrant  particle  of  it  is  represented 
by  the  number  10*6£5. 

The  third  saline  compound,  consisting  of  1 
Tcdume  of  fluoboric  gas  md  S  volumes  of  am- 
momacal  gas,  is  obviously  a  dubsesqujfluoborate, 
composed  of 

M3 
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1  atom  fluoboric  acid>  ,  4-^5 
1  ^  atom  ammoQia  3*187^ 

So  that  an  mtegiant  particle  of  it  weighs  7*^^- 
The  property  which  the  neutral  fluoborate  of 
ammonia  has  to  lose  half  of  its  ammonia  when 
exposed  to  the  air,  and  of  being  converted  into 
a  bisalt,  is  analogous  to  what  happens  to  other 
ammoniacal  salts.  Thus  when  neutral  carbonate 
oF  ammonia  is  exposed  to  the  air  in  powder, 
one-half  of  the  ammonia  flies  off,  and  a  biflUf- 
bonate  of  ammonia  remains. 

It  was  shown  in  the  seventh  chapter  of  this  trea* 
Use,  tiiat  we  obtain  the  specific  gravity  of  most 
gases  if  we  multiply  their  atomic  weight  by 
0*S555  (=  half  the  specific  gravity  of  oxj^ 
gas).   Xliis  law  holds  in  the  present  case.  For 

4-25  X  0-5555  =  2-36li, 

a  number  which  only  difiers  by  nWirth  part  firom 
the  specific  gravity  obtained  by  experimeat 

This  coincidence  is  too  near  to  leave  any  doubt 
that  is  the  true  specific  gravity  of  flu9- 

boric  add  ga& 

In  this  ch^»ter  I  have  taken  no  notice  of  the 

hypothesis  originally  started  by  M.  Ampere,  and 
so  ably  s\ipported  by  U«  Davy,  that  fiuoiic 
acid  is  a  compound  of  equal  volumea ,  of  hydro- 
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gen  gas  and  an  unknown'  supporter  of  combtia- 

tiou,  to  which  Davy  has  given  the  name  of 
JIuorme.  Ail  the  facts  stated  above  may  be^iiminB. 
explained  just  as  wdl  by  this  hypothesis  as  by 
the  common  one.  An  atom  of  fluorine  wtU 
weigh  fi-fUif  and  fluocic  acid  will  be  a  oompoimd 
of 

1  atom  fluorine  2'250 
1  atom  hydrogea  0-125 


Fluosihcic  acid  will  be  a  compound  of 

1  itom  flanrine  MA 
1  atoni  tOioon  1 

And  fluoboric  acid  wiO  be  composed  of 

1  atom  fluonne  2*25 
8  atoms  boron  S 

Fluor  spar  will  be  a  compound  of 

1  atom  fluorine  2*25 
1  atom  calcium  2*5 

And  in  the  same  easy  way  ma)^  all  tlie  other 
combinations  given  in  this  chapter  be  repre* 
sented  accordmg  to  Davy's  theory.  At  the 
same  time,  this  mode  of  representing  these  com- 
binations does  not  give  us  any  superior  advan- 
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tinges  iaacoountiiig  for  the  phenoinciia.  Andasno 
mtisAcUfry  evidence  of  the  existence  of  fluoriiie 

bad  been  adduced^  I  thmk  it  safer  in  the  pre- 
sent stale  of  tbA  siibjecty  to  abide  by  the  did 
opmim^  witllout  ptetendii^  even  to  ooojectme 

which  of  the  two  opinions  will  be  uitimatei/  es« 
tablished.  Whoever  can  succeed  in  eztractiqg 
from  fluoric  acirf  either  a  new  combustible  body». 

or  a  new  supporter,  will  settle  the  point.  But 
the  difficulty  of  experimenting  upon  fluoric  add 

is  so  great,  in  consequence  of  the  property  which 
it  has  of  decomposing  glass  vessels,  that  I  was 
heartily  tired  of  it  by  the  time  that  I  had  made 
out  its  atomic  weight  and  that  of  its  two  com- 
pounds, which  was  the  object  that  I  had  iu  view. 
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OF  THE  SULPHUKETS. 

In  the  preceding  chapters^  the  composition  of 
several  of  the  metallic  sulphurets  has  been  no- 
ticed, but  it  may  be  acceptable  to  the  reader  to 
tfdLo  a  ^oeral  i^w  of  thia  important  clasa  of 

bodies.   This  will  be  the  subject  of  the  present 
chapter. 

1.  Sulpbm^  of  potaaaitim*   Gay-Luaaac  first  Sulj^urets 

showed  that  when  sulphur  and  potash  are  healed  010^*"*"^ 
together^  a  portion  oi  the  sulphur  is  acidified  at 
the  expense  of  the  oxygen  of  the  potash,  and 
that  the  compound  formed  is  a  mixture  ot  sul- 
phate of  potash  and  sulphuret  of  potassium.* 
This  view  of  die  anatter  was  ftuiher  confirmed 
by  Vauquehn.t  But  for  by  far  the  most  impor- 
tant set  of  expei imenta  on  the  subject,  we  are 
fftdebted  to  BeraeEus,  whose  paper  on  the  Alkai. 
line  buiphuiets,  published  iu  1821^1  threw  a  new 
and  unexpected  light  over  this  department  of 
cliemistry. 

Berzelius  put  a  quantity  of  suiphate  of  potash 
into  a  glass  tube,  and  after  having  heated  it  to 

•  Aim.  ^  Chim.  LXXVIH.  86.  f  Aan.  dc  Chin),  ctde  l^liys.  VI.  Ij. 
\        \  Koog.  Vctui&k.  Jicni.  Hauil.  liSiV,  p.  bU 
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redness,  he  passed  a  current  of  hydrogen  gas 
over  it  as  long  as  water  continued  to  be  formed. 
By  this  process,  both  the  acid  and  base  were 
deprived  of  thetr  oxygen,  and  there  repiained  a 
sulphuret  of  potassium  composed  of 

1  atom  sulphur  2 
I  atom  potasttum  5 

7 

It  had  a  deep  red  colour,  fiised  at  a  temperature 

bulow  redness,  aud  dissolved  in  water  ibruiiiig  a 
coloured  solution. 

By  substituting  sulphuretted  hydrogen  gas 
instead  of  hydrogen,  and  repeating  the  process 
in  the  same  way,  he  obtained  a  compound  of 

Potaaatom  5 
Sulphur  7*81 

5 18  an  atom  of  potassium,  and  7*21  is  somewhat 

less  than  4  atoms  of  sulphur. 

When  the  experiment  was  repeated,  substitut- 
ing bisulphuiet  of  carbon,  the  sulphuret  was 

composed  of 

Potassium  5 
Sulphur  8*42 

These  compounds  are  not  quite  definite. 
By  fiising  carbonate  of  potash  and  sulphur  to* 

gether  in  various  proportions,  Berzelius  obtained 
several  other  compounds  of  potassium  and  sui* 
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phiir.  The  five  following  sulphurets  of  potassium 
seem  to  be  esUbtifihed  by  these  experiyoaents* 

forMauN.  wmam. 

1.  Sulphuretofpolntlum  i  itom  +  latum 

8.  Biaolpburet  1  atoai  <4*  .  S  atooiB 

3«  Trimilphnfet  1  atom  ^  3  atoms 

4.  QmdrmulphuKt  1  atom  4-    4  atoms 

5.  Quintosulphuret       .  1  atom  4~    ^  atums 

Berzelius  is  also  of  opinion  that  there  exist  two 

others  composed  of 

1.  1  atom    +    li^  atoras 

2.  1  atom   +  .  4^  atoma 

But  though  he  formed  substances  contaujing  the 
ingredients  nearly  Ih  '  thes^  propdrtittiii^  It  is 
more  likely  that  they  were  mixtures.  For  we 
do  not  in  other  cases  find  sulphur  entering  into 
combination  in  such  extniordinary^_prqportion8. 

^.  Sulphurets  of  sodium. 

3.  Sulphurets  of  lithium, 
phuicts  have  not  been  particularly  examined,  we 
may  conclude,  from  analogy,  that  they  are  simi- 
lar to  those  of  potassium*  The  protosulphuret  of 
sodium  vvai  made  by  Berthier,  and  found  very 
similar  to  the  protosulphuret  of  potassium.* 

4.  Sulphuret  of,  calcium  was  formed  by  Seri  Cticium* 
zelius^  by  pasisipg  a  current  of  suIphuii^Hed  hy- 

^  •      •  Aan.  de  Chiai.  ct  de  Phyt.  XXU.  SS&  "  ' 


Though  these  sul- 
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di'ogcn  gas  over  red  hot  lime :  water  was  ibrmed, 
and  the  reduced  calcium  united  witii  the  sulphur 
of  the  gas.  The  sulphuret,  thus  obtained,  was 
composed  of 

Calcium        .       .       .  2'j 
Sulphur       .      «      •  1-938 

Hence,  it  is  obviously  a  protosidphuret  composed 
of 

1  atom  calcium         •       •  H*5 
1  atom  sulphur  .  »  8 

4*5 

Berthier  formed  it  by  beathig  anhydrous  sulphate 

of  liino  in  a  charcoal  crucible :  the  sulphuret 
of  calciuui  obtained  was  whit^  dissolved  com- 
pletely in  water,  and  was  not  altered  roa^iiig> 

lib  constituents  were 

C.ilcium  .       .       -  2'5 

Sulphur  •      •  1^1 

* 

It  was,  therefore,  a  protosulphuret  of  calciuta* 

like  that  obtained  by  Bcrzeliiis. 

5,  Sulphuret  of  barium  was  Ibrna  J  by  Bcr- 
thier  from  sulphate  of  barytes,  precisely  in  the 
same  way  as  he  liad  obtained  sulphuret  of  uik*- 
unu  This  sulphuret  is  whiter  with  grey,  spots 
slightly  cohering,  capable  of  being  Icneaded  be- 
tween the  fingers,  and  in  crystalline  grains.  It 
dissolved  completely  in  water,  and  the  solution 
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was  colourless.  Muriatic  acid  disengap^etl 
phuretted  hydrogen  from  the  soiutioiu  Titc  sul* 
phuret  of  barium  is  not  ahensd  by  roa^g^  biit 
vviieu  detonated  with  nitre  it  is  converted  into 
sulphate  of  barytes.*  Hence*  it  is  obviously  a 
protosulphuret  of  barium  composed  <rf" 

I  atom  hariiun  8*75 
1  atom  sulphur .      .  . 


10-7^ 


III  Berthier's  process  there  was  a  slight  loss  of  the 
sulphur.    Uence»  he  obtuiiued  a  compound  of 

Barium  .       •       .  8*7^ 

Sulphur  .  l<9^ 

6.  Sulphuret  of  strontium.    This  sulphuretscnmtiuni, 
was  obtained  by  Berthier  in  a  similar  way ;  its 
properties  agree  nearly  with  those  of'  sulphuret 
of  calcimn.   It  was  a  protosulphuret  composed 
of 

1  atom  strontium      .       .  5*5 
1  atom  sulphiir  •  fi 

In  Berthier*s  process  a  little  of  the  sulphm*  had 

escaped,  for  he  obtained  a  compound  of 

• 

Str(»ntiiim         •       •       •  5*5 
Sulphur  .      .      •  1^ 

*  Ann.  <lc  Cliim.  et  ik-  Iliys.  XXI  I.  f23^ 
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7.  8ulpbiii«t  of  magMauin  is  not  so  eisily  ob» 

tained  as  the  sulphurets  of  the  preceding  metals. 
When  sulphate  cf  magnesia  is  heated  in  charcoal 
almost  the  whole  a^id  is  dissipated,  and  nothing 
remains  but  magnesia  mixed  with  a  small  quan- 
tity of  sulphuret  of  magndsium.  But  sulpbnrel 
of  magnesium  may  be  obtained  in  combinalioii 
with  sulphuret  of  potassium,  by  heating  a  mixture 
of  sulphates  of  potash  and  magnesia  in  charcoal : 
Berthier  has  sliown  that  it  is  a  prolosulphuret  of 
magnesium  which  is  tlms  obtained.  It  is  a  coiu- 
pound  of 

1  atom  magTiesium     •       •  1*5 
1  atom  sulphur  .  it 

There  was  an  excess  of  sulphur  in  tlie  sulphuret 
formed  by^  Berthifir«  amounting  to  rather  k&s 
ith  of  an  atom. 

8.  No  attempts  have  been  hitherto  made  to 
form  the  sulphurets  of  ahiminum,  glucinuio, 
yttrium,  or  zirconium*  It  is  by  no  means  unlike- 
iy  that  some  of  the  processes  tried  by  Berzelius 
would  succeed  in  forming  these  sulphurets  abo. 

9.  Sulphuret  of  iron.  '  Iron  and  sulphur  com- 
bine in  tliree  proportions. 

  r 

(1.)  The  protosulphuret  may  be  'fonned  by 

heating  a  mixture  of  iron  filings  and  sulphur  in  a 
close  crucible,  and  contiuuuig  tiie  heat  till  the  ex* 


Dig'itized  by  Google 


SULPaOltETS* 


191 


cttsof  sidphor  is  driven  cA   It  has  a  pale  yellow 

colour,  and  I  have  sometimes  obtained  it  in  small 
crystals — ^it  is  attracted  by  the  magnet.  Tim 
aoiphuret  may  be  obtained,  likewise^  by  mixing,  a 
solution  of  pi  otosulphate  of  iron  with  hydrosul- 
phuret  of  potash :  a  black  precipitate  f  alls,  which 
is  a  pratosulphuiet  of  iron.  Its  constituents  are 

1  atom  mm      ...  5*5 
1  atom  sulphur        .       .  £ 

5-5 

(2.)  The  sesquisulphuret  of  iron  is  ohtaiiied 
when  a  solution  of  neutral  persulphate  of  iron  is 
precipitated  by  hydrosulpburet  of  potash, — it  is 
necessary  to  drop  the  iron  solution  into  the  hy- 
drosulpburet:  if  we  reverse  the  process  the 
powder  which  falls  is  a  protosulphuret  of  iron. 
The  sesquisulphuiet  of  iron  is  a  black  powder, 
which  has  not  been  much  examined*  Its  consti* 
tuents  are 

]  atom  iron  .       •  S'5 

1^  atom  sulphur      .      .  S 

(3,)«  Fersttlpbui^et  of  iron  is  found  native,  and 
is  known  by  the  name  of  icon,  pyrites.  It  is , a 

brass  yellow  substance,  havinjs^  the  metallic  lus- 
tre, and  UAuaiiy  crystaliized  in  cuIm^  eith^* 
smooth  or  striated^it  is  not  the  leaat  attracted 


19^ 


bj  the  magneU  This  suiphuret  may  tm  obimiQi 
riso  artificially,  by  mbdng  inftiaiataly  together  £ 

parts  of  protosulphuret  of  iron  aiul  1  part  oi  sul- 
plmr,  and  headi^  it  ia  a  tampecature  wtucli 
must  never  be  elevated  to  redness.  When  per- 
suiphuret  of  iron  ia  heated  to  redness  in  close 
ve^eki  one  half  of  the  eulphur  u  suUimed  and 
protosulphuret  of  iron  remains.  It  is  a  com- 
pound oi 

1  atom  iron       -       .       .  3*5 

2  atoms  sulphar  4 

7-5 

Berthier  has  shown,  that  protosulphuret  of  iron 
is  formed  when  protosulphate  of  iron  is  heated 
in  a  charcoal  crucible. 

When  magnetic  pyrites  is  dissolved  in  an  acid 
some  sulphur  precipitates :  hence»  it  obviously 
conlaiiib  either  a  slight  excess  of  sulphur,  or  a 
slight  mixture  of  cubic  pyrites;  for  protosul- 
phuret of  iron  dissolves  in  adds  wiibavt  any  de> 
posite  of  sulphur. 
Nickd,  10.  Sulphuret  of  nickel.  It  may  be  formed 
by  furing  a  mixture  of  oxide  of  nickel  and  sul- 
phur  in  dose  vessels,  and  continuiag  the  heat 
till  the  ezoesB  of  auiphur  ia  ddven  This 
sulphuret  occurs  in  the  miseml  kingdora,  and 
was  Ibrmerly  distinguished  by  the  xxsdoe  of 
HaarUes  (h(ur*]^frUesJ^   When  a  cnrrent  oi* 
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latphuretted  hydrogen  gss  is  passed  throngli  a 
neutral  solution  of  nickel  in  an  acid,  tiie  sul- 
phoret  of  nickel  also  precipitates ;  but  the  pre- 
cipitation is  prevented  by  adduv^  -au  excess  of 
acid  ta  the  soiiilioB.  The  colour  ot  the  sulpbu- 
let  is yellomrii  gfc^^;  it  has  the  metalBc  luatce, 
and  is  not  brittle  ;  it  is  not  attracted  hy  the  mag- 
net.  Its  ooBstituents  are 

1  atom  nickel  •       •  S*ft5 

1  atom  sulphur       .       .  3 

11.  Sulphuret  of  cobalt  This  sulpburet  may  cMtt, 
be  formed  either  by  heating  metallic  cobalt  or 
its  oxide  with  sulphur  in  close  vessels.  It  pre- 
dpttates  when  sulphuretted  hydrogen  gas  is 
passed  through  a  solutim  of  cobalt»  provided 
there  be  no  excess  of  acid,  which  prevents  the 
precipitate  from  appearing.  This  sulphuret  has 
a  greyish  yellow  colour,  a  metallic  lustre,  and 
appears  crystallized  ^  it  melts  in  a  red  heat.  Its 
constitueiits  are 

1  atom  cobalt         .       .  3*25 
1  atom  nil|drar      .      .      S  * 

5*SS 

IS.  Sulphuret  of  manganese.  This  sulphure4  M*«g«- 
is  easily  obtained  by  heating  the  protosulphate  of 

mang'anese  in  a  charcoal  crucible.  Prepared  in 
this  way,  it  has  an  iron  grey  colour*  a  semime- 

Voft.  II*  N 
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tallic  lustre^  and  a  crystaUme  appcanmoe.  Iti 

av  idity  for  oxyjren  is  so  great  that  when  put  into 
nitric  acid  it  decomposes  both  the  acid  and  the 
liquid.  When  protacetate  of  manganese  ia  pie* 
dpitated  by  an  alkaluie  hydrosulphuret,  or  by  a 
current  of  sulphuretted  hydrogen  gas,  a  yellowish 
precipitate  fidls^  which  becomes  red  when  cA 
lected  on  the  filter,  and  at  last  white ;  w  hen 
heated,  it  gives  out  water  and  becomes  greea. 
It  is  uncertain,  at  present,  whether  this  precipi- 
tate be  a  hydrosulphuret  of  manganese,  or  a 
hydrated  sulphuret^  but  what  remains 
powder  ia  exposed  to  heat  is  a  sulphuret  of  man- 
ganese. 

Sulphuret  of  manganese  is  found  native  at 
Nagyag,  in  Transylvania,  and  has  been  described 
by  the  German  mineralogists  under  the  name  of 
Mangmbletide*    It  was  considered,  firom  the 
analyses  of  Klaprotb  and  Vauquelin,  as  a  ooo- 
pound  of  protoxide  ot  manganese  and  sulphur ; 
but  modem  chemists  have  ascertained  that  it 
is  in  reality  a  sulphuret  of  manganese.  It 
has  a  steel  grey  colour,  and  occurs  crystal 
lized  in  obUque  four-sided  prisms  $  the  fiac> 
ture  is  foliated,  and  the  specific  gravity  3*9^ 
The  constituents  of  sulphuret  of  manganese 
are 

1  atom  mariL^'anesc'  •  3*5 

1  atom  sulphur  ...      •  a 

5<S 
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for  it  dissolves  in  adds  without  the  depositioii 

of' any  sulphur. 

13.  Sulphuret  of  cerium.  This  sulphuret  is  omum. 
still  unknown.  When  a  solution  of  cerium  is 
precipitated  by  a  hydrosulphuret,  the  precipi- 
tate is  in  the  state  of  an  oxide^  and  the  sulphu- 
retted hydrogen  gas  escapes.  When  sulphur  is 
heated  with  peroxide  of  cerium»  protosulphate  of 
cerium  is  formed,  and  perhaps  some  sulphuret. 
The  mass  has  a  green  colour. 

14.  Sulphuret  of  zinc.    When  a  solution  of  zine, 
sulphate  of  zinc  is  precipitated  by  hydrosulphu^ 
ret  of  potash,  the  precipitate  is  white  ;  but  when 
heated,  it  becomes  light  yellow.    In  this  state  it 

IS  a  sulphuret  ci  zinc,  similar  in  its  composition 
to  yellow  blende.  Berthier  has  shown  that  this 
sulphuret  is  tbrmed  likewise  when  sulphate  of 
zinc  is  heated  in  a  charcoal  crucible.  He  found 
that  charcoal,  in  a  hi^h  temperature,  has  the  pro- 
perty  of  decomposing  blende — ^bisulpburet  of 
carbon  is  formed^  and  zinc  sublimes.  Sulphuret 
of  zinc  dissolves  in  acidic,  without  depositing  any 
sulphur.    It  is»  therefor^  a  compound  of 


15.  Sulphuret  of  cadmium.  This  sulphuret  C"**'™""™' 
is  formed  when  cadmium  and  sulphur  are  heated 

NS 


1  atom  Bine 
1  «tam  sulphttr 


445 

8 


6*25 
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together,  or  when  a  aalt  of  cailmiwtik  19  jmAji^ 

tatecl  by  sulphiuetted  hydrogen — ^the  sulphwret 

Im  ^  iiw  yeltoMT  cploiv,  Ip  ^  wiwte  heat  it 
znekst  aD4  ciyataUizes  in  coolnig;  aod  ^crj^ 

tals  are  a  fine  lemon  yellow.  It  tlissolv  es  in  mu- 
riatic acid»  w^out  depositijag  any  sulpiiur,  bat 
with  the  evdutlon  of  sulphiiraited  hydrogen  gVL 
HeQce»  it^  con$tit(A^ut$ 

1  atom  cadmium  -  7 
1  atann  sulphur  a 

9 

16.  Sulphuret  of*  tin.  Three  sulphurets  ui  un 
are  known. 

(1.)  Protosulphuret  of  tin  is  obtained  when 

sulphur  and  tin  are  heated  togetlier  in  a  close 
vessel.  To  aatimte  the  tia  with  su^ur,  tbe 
process  should  he  repeated  a  second  time,  wiX" 
ing  the  sulphuret  intin^ately  with  a  new  portion 
ofsulphuTt  and  exposing  the  mixture  to  a  AiU 
red  heat,  to  drive  off  ail  excess.  The  sulphuret 
thus  formed  has  the  metallic  lustre^  a  bluish  gcejc 
colour,  and  fibrous  and  crystalline  appearance. 
It  ihssuK  cs  in  concentrated  muriatic  acid,  vvUli- 
out  depositing  any  sulphur  ^  and  the  gas  extri- 
cated is  totally  absorbed  by  caustic  potssh. 
lieuce  the  constituents  of  this  sulpliuret  are 
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1  atuui  sulphur        •  ^ 

If  protosulphuret  of  tin  be  reduced  to  a 
fine  powder,  triturated  with  tlie  tliird  of  its 
weight  of  sulphur,  and  the  mixture  be  distiUed 
in  a  heat  raised  very  nearly  to  redness,  till  no 
more  sulphur  passes  oS,  the  sulphuret  increases 
in  weight  about  ten  and  a  half  per  cent*,  or» 
more  exactly,  9*25  of  protosulphuret  becaine 
10*^.  It  is  obvious  irom  this,  that  a  sesquisul- 
phuret  of  tui  has  been  formed,  composed  of 

I  atom  tin  7*25 

1^  atom  sulphur  3 

This  sulphuret  has  a  yellowish  colour,  the  metal'* 

lie  lustre,  and  takes  a  fine  polish  when  rubbed 
upon  a  hai'd  body. 

(3.)  Persulphnret  oi*  tin  mi^  be  obtained  by 
precipitating  permuriate  of  tiii  by  means  of  sul- 
phuretted hydrogen.*  The  well  known  sabdtance 
called  Mosaic  gold,  which  is  in  beautiful  yellow 
scales^  aod  whicii  is  prepared  in  the  diy  way,  by 
a  process  pointed  out  by  Mr.  Woulfie^  is  a  per« 
sulphuret  of  tin.    Its  constituents  are 

1  atom  tin  .  7'S5 

2  atoiiib  bulphur       .  4> 

N  3 
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17*  Sulphiunel  of  lead.   Time  aie  two 
phimts  (rf'Icad,  both  of  which  I  hm  met  witii 

Dative. 

(L)  FMoso^pfaiiietofleadttcomiim 
a  well  known  ore  of  lead.   It  has  a  bfansh  white 

colour,  the  metallic  iustre»  is  ciystallized  m 
cube8»  verjr  heavy,  and  very  britde^  it  melts 
easily  when  heated,  but  does  not  part  with  any 
of  its  sulphur.    Its  constituents  are 

1  atom  lad  IS 

1  atom  mlpliiir  S 

15 

(^•)  About  ^  years  ago,  I  got  a  specimen  of 
galena  from  Sir  John  Sinclair,  which  had  the 

property  of  burning  with  a  blue  flame  when  held 
to  the  flame  of  a  candle.  When  distilled,  it 
,  gave  out  a  quanti^  of  sulphur*  I  did  not  sid>- 
ject  it  to  analysis  j  but,  from  these  properties,  it 
was  obviously  either  a  sesquisulphuret  or  bisui- 
phmet  of  lead. 

(3.)  Berthier  has  shown  that,  when  sulphate 
of  lead  is  exposed  to  a  strong  heat  m  a  ciiarcoal 
crucible,  it  is  converted  into  a  disulphuret  of 
lead,  composed  of 

2  atoms  lead  26 

» 

1  atom  sulphur  2 

28 
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18.  Sulpburet  ot  copper.     I  have  alread}^  Copper, 
riiowo  in  a  farow  chapter  of  this  wofk»  that 
there  are  three  sulphurets  of  copper : 
(I.)  Disulphuret,  composed  of 


2  atoms  copper  .  *  8 
1  atom  sulphur  9 

10 

This  siilphuret  is  obtained  when  sulphate  of  cop- 
per is  heated  in  a  charcoal  crucible,  as  Berthier 
has  shown*  During  the  process,  one-half  of  the 
sulphur  in  the  salt  makes  its  escape.  It  is  ob- 
tained likewise  when  sulphur  and  copper  are 
heated  together:  the  combination  is  accompa- 
nied by  combustion.  This  sulphuret  has  a  bluish 
bkck  colour,  and  occurs  native,  being  the  glance 
copper  ore  of  mineralogists. 

(^.)  Sulphuret  of  copper  has  not  yet  been 
formed  artificially  j  but  it  exists  in  copper  py< 
rites,  which  H.  Rose  has  shown  to  be  a  'com* 
pound  of 

1  atom  gulphum  of  copper  6 
1  atom  sulphuret  of  iron  5  5 

This  sulphuret  is  a  compound  of 

1  stoni  coppor  4 

1  atom  sulphur  •  S 

1 

*  Ann.  de  Cliim  ct  dc  Hiy^  XXV.  197. 
N  4 
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Bisulphuret  of  copper.  It  is  ibrtned 
nvken  My  of  the  flate^f  copper  m  predpitaled 
by  a  currenttif  sulpboretted  hydregen  gas.  The 

precipitate  is  at  ^rsi  brown«  but  becomes  black 
when  dried.   Its.  constituents  are 

1  atom  copper  4 
St  atoms  sulphur  4 

8 

19»  Su4>buret  of  bisnmth.    This  compouod 

is  easily  formed  by  melting  bismuth  and  sulphur 
together  in  a  close  vessel.  It  exists  native,  and 
is  known  by  the  name  of  bismuth  glance^  It  has 
a  light  lead  grey  colour,  and  the  metallic  lustre* 
It  occurs  in  small  prismatic  striated  ciystals,  so 
minute  that  their  ibrm  has  not  been  recognised. 
It  is  much  more  difficult  of  fusion  than  bismuth. 
Its  constituents  are 

1  atom  bismuth  9 
1  atom  sulphttr  8 

11 

^0.  Sulphuret  of  mercury.  Two  sulphurets 
of  mercury  }sm  known.   The  protosulphureC  is 

formed  when  a  current  of  sulphuretted  liydrogeii 
gas  is  passed  through  a  solution  of  protonitrate 
of  mercury ;  or  stiil  better,  when  die  protoni- 

trate  of  mercury  is  uiixe  J  wiih  a  solutiuii  ui  iiy- 


Digitized  by  Google 


■ 


«DL1»HURSTS.  901 

drosulphnret  of  potash.    The  precipitate  is  a 

bkick  powilci",  similar  in  appearance;  to  piuLoxide 

of*  mercury,  but  composed  of 

1  atom  mercurj  .  Si5 
1  atom  sulphur  2 

The  persulphuret  of  mercuiy  is  obtained  when 

a  soliitiQU  oi  corrosive  sublimate  is  decomposed 
hy  a  current  oi  sulphuretted  hydrogen  gas.  The 
precipitate  is  black,  and  btdky ;  but  when  sub- 
limed, it  assumes  a  deep  red  colour,  and  be- 
comes the  pigment  well  known  by  the  name  oi' 
cinnabar.  It  assumes  a  scarlet  colour  when  re- 
duced to  powder ;  and  the  colour  becomes  tiie 
lighter  the  huer  the  powder  is.  The  constituents 
of  cinnabar  are 

1  atom  vtttcfxty  S5 

2  atoms  sulphur        .  4 

21.  Suiphuret  of  silver.  This  compound  issuw, 
easily  formed  by  heating  sulphur  and  silver  to- 
gether. It  has  a  lead  grey  colour,  the  metallic 
histre,  possesses  malleability  and  sectility,  and 
is  much  more  easily  fused  than  pure  silver;  it 
occurs  native,  and  crystallized.  The  primary 
form  ot  the  crystals  is  probably  the  cube.  Its 
constituents  are 
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1  atom  silver  .  13*75 

1  atoiu  suipbur      :  2 

15*75 

Gold.        dd.  Sulphtiret  of  gold.   Oberkampf  made  us 

first  acquainted  with  the  sulphuret  of  gold.  He 
obtained  it  by  precipitating  nitro-nmriate  of  gold 
with  sulphuretted  hydrogen  gas.  From  his  ex- 
periments it  appeals  to  be  a  thsulphuret}  com- 
posed of 

1  atom  gold  25 
3  atoms  sulphur         .  6 

31 

But  the  experiments  of  Oberkampf  were  repeatp 
ed  unsuccessfully  by  Javal  and  Berzelius.  Ber- 
zelius  found  that  the  sulphur  was  acidified  at 
the  expense  of  the  oxygen  in  the  oxide  of  gold 
existing  in  the  solution, 
Fitf2niiii^'  23.  Sulphuret  of  platinum.  There  are  two 
sulphurets  of  platinum.  When  ammonio-mu- 
riate  of  platinum  is  mixed  intimately  with  sul- 
phur»  and  the  mixture  heated  in  cloae  veaseb 
till  the  sal-amnioniac  flies  off"  and  the  excess  of 
sulphur,  a  bisulphuret  of  ' platinum  is  formed,  it 
is  grey  coloured,  and  assumes  the  metallic  lustre  • 
when  rubbed  against  a  bard  body.  Its  coo^^ti* 
tuents  are 
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1  Mtom  plattnom  18 
8  atoms  tulphiir  4' 

16 

When  the  bisulphuret  of  platinum  is  exposed  to 
a  higher  temperature,  one-haU^  of  the  sulphur  is 
driven  0B,  and  a  sulphuret  of  platinum  remainsi 
composed  of 

1  atom  pUtinum  ■  .  12 
1  atom  sulphur  2 

14 

The  external  appearance  of  the  two  sulphurets 

of  platinum  is  nearly  the  same. 

Sulphuret  of  rhodium.  When  the  triple  Bfaodimn, 
salt  of  rhodium  is  mixed  with  a  solution  of  hy- 
drosulphuret  of  potash,  no  precipitate  appears 
at  firsts  but»  if  the  liquid  be  heated,  a  dark 
brown  powder  falls,  which  becomes  black  when 
dried.  From  the  experiments  of  Berzelius  it 
would  appear,  that  this  sulphuret  is  composed  of 

1  atom  rhodium  5*5 
1  atom  aolphnr  2 

7-5 

Dr.  Wollaston  found  that  rhodium  and  sulphur 

unite  together  when  heated.    The  sulphuret 

thus  formed  is  bluish  grey,  and  has  the  metallic 

lustre ;  and  may  be  deprived  of  its  sulphur  by 

9 
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being  kept  red  hot  in  the  open  air.  From  an 
experiment  oi  Vauquelin,  there  is  reason  to 
consider  this  as  a  similar  sulphuiet  with  the  pre- 
ceding.  He  found  it  a  compound  of  4  parts 
rhodium  and  1  sulf^ur.  Now»  this  is  nearly  1 
iit«Mii  of  Thodium  + 1  atom  of  sulphur. 

PfcUadium,  25.  SulphuFCt  of  palladium.  This  sulplmret 
is  easily  formed  by  heating  together  pidiadium 
and  sulphur,  or  by  passing  a  current  of  sul- 
phuretted hydrogen  gas  tlirough  a  solution  of 
palladium.  The  sulphuret  is  greyish  white» 
possesses  the  metallic  lustre,  and  is  a  compound 
of 

1  atom  paliadiutii        .  7 

9 

uraiuum,  Sulphuret  of  uranium.    I  have  made  no 

experiments  on  this  sulphuret  It  was  obtained 
by  .Rose,  by  passing  a  current  of  bisulphurct 
of  carbon,  in  the  state  of  vapour,  over  protoxide 
of  uranium^  heated  to  redness  in  a  porcelain  tubCi 
It  was  black,  and  when  rubbed  by  a  hard  body 
it  assumed  the  metallic  lustre.  It  has  not  been 
analyzed ;  but  is  probably  a  compound  of 

1  atom  uruniuni  .  26 
1  atom  sulphur  2 

28 

16 
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87.  SMphurei  ef  antiiaon j.   This  auiphiuet  A^Hmm* 

m 

is  easily  ibrined  by  heating  aatimony  and  suK 
phm  together  in  %  close  vess^^  hut 

existe  native  in  abwidanc^  being  the  comoMii 
ore  ot  antimony.  It  has  tlie  metallic  lustre,  a 
leadm  g!B9ij[  CfiJouTs  mi  ia  crjataUiml.  Tbi^ 
primary  form  of  the  cr3^8tal8  is  a  right  rhombic 
prism,  with  angles  ot  SS''  30\  and  gi*"  30\  Its 
constituents  are 

1  atom  antimoDy  5*5 
.  1  ttoiii  sulpbiur  a 

7-5 

28.  Sulphuret  oi  chromium.  I  have  made  nachromiuiD, 
experimenta  on  this  sulphuret  fierzelius  states, 
in  his  Urbok  i  Kemien,*  that  it  may  be  formed 
by  passing  a  current  of  the  vapour  of  bisulphuret 
of  carbon  over  protoxide  oi' chromium)  raised  to 
a  white  heat  in  a  porcelain  tube.  Its  colour  is 
light  grey,  without  any  metaUIc  kistre  ^  and 
when*  pounded  iD  a  mortar,  it  giveaa  black  pow* 
der.  When  treated  with  nitric  acid,  it  may  be 
converted  intp  neutral  sulphate  of  cluomuim. 
Hence  its  constituents  are 

1  atom  cbromittin  3*5  - 

1  aLuni  sulphur  .  2 

5-5 
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Moiybdn  Sulphuret  of  molybdenum.    This  sul* 

phuret  exists  native,  and  is  known  by  the  name 

of  molybdena.  It  has  a  leaden  colour,  and  is 
composed  of  lamioae»  which  are  soil  and  flesuble ; 
and  occasionally  occur  crystalUaedf  in  six-aided 
prisms.    It  is  a  bisulphuret,  and  composed  of 

1  atom  molybdeauni     •  6 

2  atoms  sulphur  4 

10 

Tungsten,  QQ^  Sulpbufet  ot  tuDgsteo*  I  have  made  oo 
experiments  on  this  compound*  Berzdius  in* 
forms  us,  that  tungsten  combines  with  sulphur 
in  two  proportions*  He  tbnned  one  of  these 
compounds  by  mixing  cinnabar  and  tungstic 
acid  intimately  together  in  a  crucible,  covering 
the  mixture  with  charcoal  powder  and  a  Ud,  and 
then  keeping  the  whole  in  a  white  heat  for  half 
an  hour.  The  sulpliuret  is  a  black  powder, 
which  assumes  the  metallic  lustre  when  rubbed 
against  a  hard  body.  Berzelins  says  it  contains 
25  per  cent,  or  Ith  of  its  weight  of  sulphur. 
Hence  it  was  a  bisulphuret»  OMnposed  of 

1  atom  tungsten     .  15*75 

2  atoms  sulphiir  4 

When  tungstic  add  is  dissolved  in  hydrosulphu- 
ret  of  potash,  and  precipitated  by  an  acid,  a  sul- 
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phnret  is  obtained,  cootaining  a  greater  propor- 
tion of  sulphur.  It  has  a  dark  yeliow  colour^ 
aad  is  slightly  soluble  in  water.  When  heated, 
it  gives  out  a  little  water,  and  its  excess  of  sul- 
phur, and  becomes  bisulphuret  ot  tungsten.* 

SI.  Sulphuret  of  cdumbium.  Rose  obtained  <^  ^ 
this  compound  by  passing  a  current  of  the  va- 
pour oi'  bisulphuret  of  carbon  over  the  oidde  of 
odumbinm,  heated  to  whiteness  in  a  porcelain 
tube.  It  has  a  dark  grey  colour,  and  assumes 
the. metallic  lustre  when  rubbed  against  a  hard 
body.  From  Rose's  experiments  it  is  obviously 
a  compound  of 

1  mtom  oolumbtum  IS  i 

1  atom  sulphur         •  S 

SO 

32.  Sulpliuret  ot  titanium.    I  have  already,  Tiumium, 
in  a  preceding  chapter  of  this  work,  given  an 
account  of  M.  H.  Rose's  experiments  on  the 
sulphuret  of  titanium  ^  and  given  my  reasons  for 
considering  it  as  a  compound  of 

1  ttom  titanlam  4 
1  atom  sulphur  8 

6 

S3.  Sulphuret  of  tellurium.    Accorduig  toiviiurium, 

•  Uitook  i  Kcmkn,  II.  179. 
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Klaproth,  there  arc  two  sulpliurets  of  tellcmuin. 
Xiie  protosuiphuret  is  steel  grey,  and  has  the 
metallic  bistre*  When  tkb  sulphuret  is  fused 
widi  an  additional  quantity,  of  sulphur^  a  leaden 
coloared  sulpliuiet  is  formed,  having  a  crystal- 
line texture  and  contaiDing  a  nsaxifaum  of  sul- 
phur. 

Aimak,      34b.  Sulpburet  of  aiseiUG*  TQieseaietvo  suk 

phurets  of  arsenic  which  have  been  long  known, 
and  both  of  which  occur  in  the  mineial  i^ng^^^ffr 
(1.)  Protosuiphuret  o(  arsenic  (realgar)  is 
ibrmed  when  sulphur  and  metallic  arsenic  are 
heated  together  in  close  vessels,  and  the  heat 
continued  till  the  excess  of  sulphur  is  driven  oC 
It  is  transparent,  has  a  rub^  red  coioujr,  aadis.a 
compound  of 

1  atom  arsenic  4*75 
1  atom  sulphur  2 

6-  75 

(2.)  Sesquisuiphuret  of  ai-aemc  (orpiment)  is 
obtained  when  a  solution  of  arsenic  in  muriatte 

acid  is  precipitated  by  sulphuretted  hydrogen  :  a 
yellow  powder  fails,  which  is  a  compound  of 

1  atom  armic  475 
1  i  aum  salphnr  S 

7-  75 
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CHAP.  XVII. 

OF  THE  MURIATES  AND  CHLORIDES. 

Tke  knowledge  of  the  composition  of  muriatic  . 
acid  and  the  theory  of  chlorides,  for  whicli  we 
are  indebted  to  Sir  H.  Davy,  constitutes,  in  my 
opinion,  one  of  the  greatest  improvements  of 
modern  chemistry.  It  was  only  advanced  by  its 
great  diflooverer  in  general  terms  ^  and  though 
Dr.  Jolui  Davy  afterwaids  published  a  most  ad- 
miraUe  paper  on  the  cliiorides,  containing  a  very 
great  number  of  experiments^  the  exactness  of 
which  I  am  enabled  to  testify  fi'om  haviiig  re- 
peated almost  the  whole  of  themj  something 
seems  sttU  wanting  to  enable  the  chemist  to  see 
the  connection  between  the  muriate  and  cliloride 
of  the  same  base.  I  conceive,  therefore,  that  the 

facts  which  I  have  dctcimincd  experiniLiilally 
upon  this  subject  will  be  acceptable  to  chemists 
in  general,  and  of  considerable  service  in  the 
analytical  branch  of  the  science. 

1*  A  few  only  oi  the  alkalitiable  combustibles  AcUon  of 
are  acted  upon  mpidly  by  muriatic  acid.   It  dis*  Mid'ofi"^ 
solves  iron,  zinc,  tin,  and  antinioiiy  with  consi- 
derable &citi(y.   During  the  solution  of  these 
mdtak,  exactly  llie  volume  of  hydrogen  gas  is 

Vol.  II.  O 
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evcdved  which  oi^^ht  to  have  beea  oombiiied 
with  the  oxjgen,  requiate  to  convert  them  hito 
protoxides,  supposing  that  tliis  oxygen  liad  been 
in  the  state  of  water.  The  reader  wiil  lecoUect 
that  the  atomic  weights  of  these  bodies  are  as 
i  oilows : 


Iron 

3-5 

Zinc 

4^25 

Tin 

Anttmony 

5-5 

Now,  S'5  grains  of  iroQ,  grams  of  zinc, 
7<fS5  gniiiis  of  tin,  and  5*5  grains  of  antimcnqr, 
supposing  these  metals  pure,  give  out,  when  dis- 
solved in  muriatic  acid,  exactly  the.  same  volume 
of  hydrogen  gas  ;  namely,  aboot  5^9  cubic  inches 
or  4  of  a  grain.  There  seems  no  doubt  iVom 
this,  that  these  metals  duiing  their.solution  com- 
bine with  oxygen,  and  that  they  deiive  tUa.ociy- 
gen  from  water,  which  is  decomposed  precisely 
as  when  iron  or  zinc  is  dissolved  in.  mlpfamic 
acid,  the  oirygen  uniting  to  the  metal,  and  the 
hydiogen  lin  ing  oil', 

'  It  woidd  indeed  be  equally  possible  taaceamat 

for  the  evolution  of  the  hydrogen  gas  by  dm* 
ceiving  the  chlorine  ot  the  muriatic  acid  to  com- 
bine with  the  metal,  while. its  other  ingeedkot, 

the  hydrogen,  escapes  under  the  form  of  ^ ;  fin* 
tlie  volume  of  hydrc^en  evolved  on  jeiliier  sup- 
positions, would  be  precisely  the  mmei  but 
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ivfaat  makes  the  notion,  that  the  iiydrogen  comes 
fiom  nater  decompoftedy  preferable  to  the  other 
is,  that  these  metals  cannot  be  tlirown  down 
from  tlie  muriatic  solution  in  any  other  stale 
than  that  of  oxides. 

Copper  dissolves,  likewise,  in  muriatic  acid  ; 
but  very  slowly,  and  without  any  sensible  efier* 
vescence.  The  solution  is  brown  and  opaque, 
and  the  copper  is  at  least  chiefly  in  the  state  oi' 
suboxide.  I  suppose  the  theory  of  this  solution 
the  same  as  of  the  others,  and  that  the  want  of 
visible  effervescence  is  to  be  ascribed  to  the 
slowness  of  the  process ;  for  more  than  a  week 
elapses  before  a  few  grains  of  copper  can  be  dis- 
solved in  this  acid. 

Most  of  the  alkaline  bases  combine  with  cifl^acc 

between 

ronriatic  acid  very  readily,  and  widioul  any  ap- muriates 
parent  alteration  either  in  the  acid  or  base.  I  ^iJ. ' 
suppose  that  all  these  combinations  (or  almost 
all  of  them)  while  m  solution,  are  in  the  state  of 
murifites,  or  that  they  are  compounds  of  muriatic 
«Udd,  and  the  base  unaltered.  Whethei  thcv 
continue  muriates  after  they  are  separated  in 

•crjstals  or  in  powder,  depends  upon  circum- 
stances, and  can  only  be  known  by  an  exammn- 

rtion  of  every  particular  compound.   I  shall, 

^tiMselhte,  take  a  review  of  all  these  compoonds 
which  I  have  examined,  and  point  out  their  va- 

*|rieuB  states  as  far  as  I  have  been  aUe  to  dstser^ 

*«ftine4hem. 

02 
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SI  S  MURIATES  AND  CHtOBIDtB. 

1.  Muriate  of  ammoiiia.  This  srit  I  fiml, 
when  obtaiQed  in  the  usual  way  by  sublimatioii, 
is  anhydrous^  and  is  a  compound  of 

1  atxnn  mumtlc  acid  4*685 
1  atom  ammonift  8*125 

6*75 

TJic  water  found  in  this  salt  by  Dr.  Murray  was 
no  doubt  accidental.  It  lias  an  affinity  for  water, 
and  even  deliquesces  if  kqpt  in  a  damp  place  $ 
but  the  quantity  of  water  found  not  amounting 
to  an  atom,  it  is  obvious  tliat  it  cannot  be  consi- 
dered as  a  chemical  constituent  of  the  salt. 
Chlorides      2,  Muriate  of  potash  and  muriate  of  soda 

of  pote- 

munnd  cxist  Only  in  solution — when  separated  by  eva- 
poration  in  the  state  of  crystals,  they  are  no 
longer  muriates  but  cliloi  ides  ;  for  9*77^  grains 
of  Uie  crystals,  usually  called  muriate  of  potash, 
when  exposed  to  a  red  heat  lose  0-^6  grain  of 
water,  and  leave  9*5  grains  of  the  fused  salt; 
and  when  these      grains  of  salt  are  dissolved 
in  water,  and  thrown  down  by  nitrate  of  silver, 
the  cliloride  of  silver  after  fusion  weighs  just 
18*^  grains,  equivalent  to  4*5  grains  of  dilorine. 
It  is  obvious  then,  that  the  crystals  must  be  com- 
j>osed  of 

1  atom  chlorine  4*5 

1  atom  {)otas$ium  5 

  / 

9-5 
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The  water,  andouiiting  to  rather  less  than  Ith  of 
an  atom,  can  only  be  mechanically  interposed 
between  the  plates  of  the  crystals^  and  not  in 

cliijnucal  combination. 

ISimilar  experiments  were  made  with  common 
salt  with  exactly  the  same  result. 

Hence,  the  crystals  of  both  these  salts  are 
chlorides  of  potassium  and  sodium,  with  a  little 
water  lodged  medmnically  between  their  phtes. 
No  crystallized  muriate  of  potash  or  soda  exists. 

3.  Muriate  of  barytes.  This  salt  usually  ciys* 
tallizes  in  tables  consiislhig  of  very  short  four- 
sided  prisms  with  square  bases.  It  is  not  altered  ^ 
by  exposure  to  the  air,  and  is  composed  of 

1  atom  mnmtic  add  4*6S5 
1  atom  barytes  9'750 
1  atom  water  1125 


15*i 


When  1^*5  of  this  salt  ai*e  heated  to  redness  in 
a  platinum  crucible,  the  loss  of  weight  amounts 
to  ^'25,  equivalent  to  two  atoms  of  water,  and 
chloride  of  barium  remains  weighing  13*^,  and  and  clilo- 
composed  of  ^ 

1  atom  chlorine  1*5 
1  atom  barium  S'75 


13-25 


We  may  either  consider  the  crystals  as  composed 
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of  1  atom  chloride  of  barium  ood  atoms  .wtlert 
or  of  1  atom  of  anhydrous  muriate  of  barytoa 

and  1  atom  water.    From  the  pheuomeuii  wiucii 
take  place  when  barytes  is  dissolved  in  muriatic 
acid»  I  adopt  the  second  hy^thesis  as  the 
simplest ;  indeed,  whenever  a  salt  belonging  to 
this  genus  contains  water  of  crystallizataon,  I 
conceive  it  to  be  simplest,  and  therefore  best  to 
consider  it  as  a  muriate*   A  red  heat,  if  it  can 
resist  sudi  a  temperatuFe»  not  only  drives  off  all 
tiic  vvatci  ut  crystallization,  but  causes  the  hy- 
drogen of  the  acid  to  unite  with  the  oxygen 
^      of  the  hasot  and  to  fly  off  likewise  in  thestate  of 
water,  leaving  the  salt  in  the  state  of  a  chloride. 
For  it  is  worthy  of  remark,  that  whenever  the 
base  is  a  deutoxide,  the  salt  contains  two  atoms 
of  muriatic  acid  or  is  a  bimuriate. 
Muritfe       4,  Muriate  of  strontian.  This  salt  cxystallizei^ 
in  very  long  white  needles,  which  when  viewed 
by  the  microscope  have  tlie  form  of  hexagoaaJ 
prisms.   It  is  more  soluble  in  water  than  mu- 
riate of  barytes,  and  likewise  soluble  in  alcohol, 
which  niunate  of  barj  tes  is  not.  Its  constituents 
are 


1  atom  mumtic  acid 
1  atom  sUranlian 

8  atoms  water 


6-5 


M^hen  m  m  of  it  are  haated,  they,  ifose.  lom 
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of  tlieir  weight,  whiah  is  eqnivAtent-  'to  9  aioms 

water*  and  there  remain  lU  ot  chloride  of  stix>n-  chi»>. 

ridaof 

tiiinii  oompoMfl  of  i  *  stRMitium. 

*  I  atdui  chlorine         4-.'"5  '  • 

>  1  atom  0troQtiam  5*5 

10 

5.  Muriate  of  lime.  This  salt  is  easily  formed  ^^^^  ^ 

^  lime 

by  saturating  muriatic  acid  with  lime.  It  is  so 
soluble  and  deliquescent  as  not  to  be  easily  crys- 
tailized.  Yet  I  have  firequently  obtained,  it  in 
regular  transparent  crystals— and  they  may  be 
obtained  at  any  time  by  putting  a  strong  soiu- 
tion  of  it  under  the  exhausted  receiver  of  an  air 

pump,  along  with  sulphuric  acid  to  absorb  the 
vapour  as  it  flies  ofi*.  These  crystals  are  four- 
ttded  or  six-sided  prisms,  striated  longitudiually, 
and  bearing  a  considerable  resemblance  to  the 
crystals  of  sulphate  of  soda.  The  coustituents  of 
these  crystals  are  the  following : 

1  atom  muriatic  acid  4'6'i25 
1  atom  lime  3*5 
6  atoms  water  6*75 


I4-S75 


When  these  crystals  are  ex[)(^SL(l  to  a  red  heat, 
not  only  the  water,  but  a  portion  of  the  acid  is 
apt  to  make  its  escape.  However,  I  have  re« 
|ieatedly  succeeded  in  rendering  the  crystals  an- 

04 
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hydrous  without  destroying  their  subsequent 
aobibiiay  io  watert  and  cansequetttiyf  withoiu 
any  loss  of  add.   In  such  gbm»  14*876  Imt 

7*875,  which  is  equivalent  to  7  atoms  water. 
The  7  oi'  chloride  of  calcium  lemaimog  are 
composed  of 

1  atom  cfalorine  4^5 

1  atom  calcium  2' 5 


MuriiHcof  6.  Muriate  of  ma^j^nesia.  This  salt  i:^  ca>flj 
]naguc:>ia  ]yy  gatuFHting  iHuriatic  acid  wiili  mag- 

nema.   The  soludon  is  colourless,  has  a  hot, 

biting  taste,  and  is  not  easily  crystallized.  IJow- 
ever»  I  have  obtained  it  from  a  manuiacturer  ot 
Epsom  salt  in  pretty  lajge  four-«ided  prisms,  ap- 
parently with  square  bases,  but  too  irree^ular  to 
admit  of  measurement.  These  cryatak  deliquesce 
when  exposed  to  the  air  $  they  are  composed  of 


1  atom  muriatic  add  4-^5 

I  atom  nia^utaia  2'jO() 
5  atoms  water  5'625 


12-75 


When  exposed  to  heat  in  a  close  vessel,  they 
not  only  lose  their  water  but  a  portion  also  of 
their  acid.  However,  a  consideiablc  portiou  re- 
mains undecomposedi  and  converted  into  cUo> 

ride  of  magucbiuin.    If  we  make  allowaacc  iof 

16 
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the  decomposed  portkN^'  then  1^75  parts  of  this  ^mi^^^ia. 
salt  in  crystals  lose  6*7^  parts,  which  is  equiva'- 
ienl  to  6  atotM  of  water,  and  there  remain  6 

parts  of  cblohde  of  magnesium,  composed  of 

1  atom  chlorine  4*5 
1  atom  magnesium  1*5 

6 

When  this  chloride  is  thrown  into  water,  a  hiss- 
ing noise  takes  place  as  when  a  red  hot  iron  is 
plunged  into  water;  a  great  deal  of  heat  is 
evolved,  and  the  whole  is  gradually  dissolved, 
leaving  behind  always  a  portion  of  pure  mag- 
nesia, which  I  subtracted  in  the  preceding  state- 
ments. 

7.  Muriate  of  alumina.    This  salt  is  easily  Mown* 

alumiiM* 

obtained  by  saturating  muriatic  acid  with  hy- 
drate of  alumina.  It  is  a  beautiful  white  mat- 
ter, without  any  appearance  of  a  crystalline  texr 
ture.    Its  constituents  are 

I  atom  muriatic  actd  4'€25 
1  atom  alonuiia  fiiUSO 
S  atoms  water  3*575 

10-«5 

This  salt  cannot  be  converted  into  a  cliloridu  ol 
aiumiaum  by  heat  ^  wheu  we  make  the  experi- 
ment, not  only  the  water,  but  the  whole  of  the 

acid  id  diivcu  off,  leaving  the  alumina  bchiiid  in 
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»  Hale  of  purify.  Chloiide  9£  alumiimiH  iB  ctBl 
imknown. 

iiucUaiZy  in  his  iieitrage,  (IIL  111*)  gives  us 
an  anal/M  irf'  this  salt.  He  stales  its  rfnwtirn> 
eots  as  follows : 

^furiatic  add  .       •  2^8 

Alumina  •  •  •  S0*0 
Water  .  40^ 

lOOO 

^Xmnrim,  I  have  never  obtained  any  salt  whose  constitu- 
ents approached  those  given  by  Buchoiz.  His 
salt  seems  to  have  been  a  dimuriate  composed  of 

1  atom  muriatic  add  4^25  or  29*13 
a  atoms  aluniiua  .  4*5  -  28*35 
6  atoms  water  .      (S'75      -  42*52 

15*875  100*00 

For,  considering  the  imperfection  of  tlie  data 
which  Bucbolz  employed,  the  deviations  in  his 
analysis,  from  these  numbers,  are  not  greater 
than  might  iiave  been  expected.  What  reodeis 
the  existence  of  this  dimuriate  more  probable, 
is,  that  alumina  lias  the  property  of  uniting  in 
the  same  way  with  some  other  acids. 
MmiMtflf  8.  P^otomuriate  of  iron.  This  salt  is  easily 
formed  by  dissolving  pure  iron  filings  in  muriatic 
acid  in  a  retort,  and  setting  aside  the  eohitioo : 
the  salt  crysti^lizesqpontaoeonsfy,  and  tke  super* 
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miMUt  liquid  firevttitB  the!  absorptiQii  of  cacffftn 

by  it.  Protomiiriale  of  iron  has  a  light  green 
coloui^  .exactly  auniiar  to  that  of  protciMil|ibate 
of  iran;  its  taate  ia  iweetiBh  and  astringent;  it 
has  the  form  ol  rhombic  plates,  which  do  not 
deviate  far  from  a  right  angle,  but  I  was  not  able 
to  measure  them.  They  aresbluUe  both  in  water 
and  alcohol.  I  never  could  succeed  in  preserv- 
ing the  solution  for  any  time  without  alteration^ 
but  have  kept  the  dry  crystals  for  a  considerable 
time  in  a  well  stopped  phial  without  their  under* 
going  any  alteration*  The  constituents  of  this 
salt  are  as  follows: 

1  atom  muriatic  acid  .  4  (>25 
1  atom  protoxide  oi  iron.  4*500 
3  atoms  water  .      S'875  ' 

12*5 

When  parts  of  this  muriate  are  heated 
sufficiently  without  the  contact  €f  air,  the  loss  dT 
weigiit  is  I'd  parts,  equivalent  to  4  atoms  of  wa- 
ter, and  there  remain  behind  8  parts  of  chloride 
of  iron,  composed  of 

1  atom  chlorine  .  4-5 

1  atom  iron  .      •  3*5 

a 

The  chloride^  thus  formed*  has  a  grey  colour,  a 

good  deal  of  lustre,  and  a  lamellar  texture*  X 
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have  never  succeeded  in  convertiog  the  whok  oi 

any  portion  of  protomuriate  of  iron  into  chloride : 
on  dissolving  the  chloride  in  water  theie  always 
femains  more  or  less  of  oxides  so  that  a  portion 
of  the  muriatic  acid  is  disengaged  by  the  heatj 
but  in  the  above  statement  this  decomposition 
was  flUowed  for— 4:he  portion  decomposed  being 
abstracted  from  tlie  original  weight  of  salt  em- 
ployed. 

ifuiMteof    9.  Protomuriate  of  manimnese.   TMs  nit  is 

easily  formed  by  dissolving  carbonate  of  maoga* 
nese  in  muriatic  acid*  It  is  not  easily  ciysbd- 
lized  :  however,  by  very  caieful  concentration  of 
the  solution  I  have  obtained  very  short  six-sided 
prisma  two  opposite  &pes  of  which  were  mudi 
larger  than  tlie  other  four.  The  taste  of  this 
salt,  Uke  that  of  the  other  salts  of  maoganes^ 
has  some  resemblance  to  that  of  sulphate  of 
tioda  9  it  is  very  soluble  both  in  alcohol  and  wa- 
ter,  and  is  an  exceedingly  deliquescent  salt  Its 
constituents,  when  dried  by  pressure  betweCB 
ibkis  of  blotting  paper,  are  as  luilow3 ; 

1  atom  mttriatic  add  4*625 

1  atom  protoxide  of  maiigaiiesc  4*5 
4  atoms  water  .       .  4*5 

13-625 

When  13-6«5  parts  of  it  are  heated  just  to  rrf- 
ness^  they  lose  5*6^  paits  oi  theii*  weigbti 
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equivalent  to  5  atoms  water,  and  the  remaining 
S  paris  consist  of  chloride  of  manganese.  This 
chloride  has  a  red  colour  and  a  kiindlar  texture^ 

and  IS  a  beautiful  lookin<x  substance  when  fiist  '*"'***^*** 

^  ride. 

formed.    Its  constituents  are  obviously 

1  utom  chlorine  4-5 
I  atom  manganese    .       .  3*5 

8 

The  protomariate  of  manganese  is  apt  to  be 

partly  decomposed  when  heatetl ;  but'  in  the 
abovc^  statement  the  portion  of  the  salt  tlius  de- 
composed is  supposed  to  be  withdrawn* 

10,  Green  muriate  of  coi)per.    This  muriate  9"*" 

n.itcofcop* 

IS  easily  obtained  by  dissolving  the  black  oxide  per 
of  copper  in  muriatic  acid,  and  concentrating 

I  lie  solution.  It  forms  long'  ci  ystals,  consisting 
of  ibur-sided  rectangular  prisms  ot  a  fine  grass 
green  colour.  Its  taste  is  exceedingly  disagree- 
able, and  when  exposed  to  the  air  it  soon  deli^ 
quesces*    Its  constituents  ai*e  as  follows : 

1  atom  muriatic  acid  4*6^5 

1  atom  black  oxide  of  copper  5  000 

2  atoms  water       .      ■  2*250 

11-875 

When  11 '875  parts  of  this  salt  are  exposed  to  a 

heat  o(  about  yj(f  they  lose  3-375  of  their 
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we^bt,  equivalent  to  three  atoms  water,  and  a 
yellomsh  bcovm  matter  mnaina,  weeing 

•ndcbio.  parts,  w  hich  is  a  chloride  of  copper.    It  ia  com- 
posed of 

1  atom  ehlorine  4*5 

I  iitoiii  copper  .       .  4 

This  chloride  dissolves  readily  in  water,  and 

may  be  again  obtained  in  the  state  of  niunate  of 
copper. 

Dimutiai*  White  muriate  of  copper.   If  we  mix  to- 

gcther  copper  in  the  state  of  fine  powder  in 
which  it  is  obtained  by  precipitating  it  6rom  its 
solutions  by  a  plate  of  zinc,  and  black  oxide  of 
copper  also  in  a  fine  powder,  in  the  proportion  of 
4  parts  of  the  former  to  5  of  the  latter ;  put  die 
mixture  into  a  phial,  and  pour  on  it  a  quantity 
of  concentrated  muriatic  acid  ;  an  intense  action 
takes  place  at  once*  great  heat  is  evolved,  and  a 
dark  coloured  opaque  solution  is  formed  in  a  few 
minutes.    If  the  phial  be  well  corked  and  placed 
in  an  inverted  position,  a  great  number  of  veiy 
small  crystals  are  speedily  deposited  in  the  form 
of  white  grains  ^  but  in  a  more  dilute  solution 
I  have  obtained  pretty  large  white  octahedial 
crystals.    These  crystals  consist  of  suboxide  of 
copper  united  to  muriatic  acid ;  they  contam 
water  of  crystallization,  but  I  have  not  ascer- 
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tained  how  much.  Wiien  heated  to  redness  in 
a  close  vessel,  they  are  converted  into  a  dK:liiaiicie 
of  copper,  composed  of 

1  atom  cMorifie  4*5 

2  atoms  copper         .       .  8 

12-5 

In  general,  there  is  a  slight  excess  of  copper, 
because  a  portion  of  the  chlorine  is  driven  ofFmnd  aicbu». 

during  the  process.    By  Berzelius'  analysis,  the 
constituents  were 

Chloriiie       .      .  4-5 
Copper  . 

Here  the  excess  of  copper  was  about  ^th  part 

or  nearly  jVth  of  an  atom.  I  have  formed  this 
chloride  with  a  still  smaller  excess  ot  copper  than 
Berzelius  did ;  but  I  never  was  able  to  get  it  ab- 
solutely  free  iVom  all  excess  of  copper,  owing  to 
the  cause  just  specified. 

12.  Muriate  of  nickel.  This  salt  has  a  fine  ^i^,,-. 
grass  green  colour,  and  crystallizes  readily 
enough  \  but  so  irregularly,  that  I  have  not  been 
able  to  determine  the  shape  of  the  crystals, 
though  they  are  prismatic,  and  I  believe  compos- 
ed of  four-sided  prii^ms.  They  deliquesce  when 
exposed  to  the  air;  when  heated,  they  readfly 
lose  their  water,  and  are  converted  into  chiunde 

•  Ann.     Oum.  LXXVIIi.  lib. 
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of  nidcel.    The  crystals,  carMfbUy  dried  an 

blotting  paper,  are  composed  of 

1  atom  muriatic  acid  . 

1  atom  protoxide  of  nickel  ^-25 

5  atoms  water  5*625 

When  14*5  grains  of  these  crystals  are  hcalccl 
cautiously  in  a  retort,  they  lose  67^  grains  ol 
water  (equivalent  to  6  atoms),  and  assume  a 
i^oklen  colour,    la  this  state  they  constitute  a 
ajni^cwo-  chloride  of  nickel,  composed  of* 

1  atom  chlorine      «  4-5 
I  atom  nickel  3*25 

7-75 

When  this  chloride  is  exposed  to  the  air,  it  ab- 
sorbs moisture,  and  is  gradually  restored  to  its 
original  state  of  muriate  of  nickel. 
'''^  13.  Muriate  of  cobalt  This  salt  is  easily  ol>- 
tained  by  Saturating  muriatic  acid  with  carbonafte 
of  cobalt,  and  concentrating  the  sohition  suOi- 
ciently.  When  set  aside,  it  deposites  beautiiitl 
garnet  red  crystals  (probably  rhombs,  but  'tlie 
shape  could  not  be  well  made  out),  which  ddii* 
quesce  when  exposed  to  the  air.  When  these 
crystals  are' heated,  they  mdt  in  their  water  of 
crystaliizatiou  j  and,  giving  out  water,  the  liquid 
assumes  a  fine  deep  blue  colour.  If  we  continue 
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the  heat  in  a  close  vessel,  the  whole  water  is 
cirivea  ofi;  and  a  smalt  biyte  coloured  chloride  of 
cobalt  remains  in  a  hard  inass,  which  readily  dis*  cuuiib. 
solves  in  water,  forming  a  red  coloured  solution. 
When  the  solution  of  muiiate  of  cobalt  is  dilute^ 
it  has  a  red  colour  $  but  when  very  much  con- 
centrated by  evaporation,  the  colour  becomes 
blue— or  green,  if  iron  or  nickel  be  present  in 
the  liquid.  This  change  of  colour  takes  place 
more  readily  if  an  excess  of  acid  be  present  in 
the  liquid.  The  crystallized  muriate  of  cobalt 
is  composed  of 

1  atom  murialic  acid  4*685 
1  alom  protoxids  of  cobalt  4*8^ 
4  atcnm  water      •  4*500 

15-375 

Whan  13*97^  grains  ot*  these  crystals  are  heated, 
they  give  out  5f625  grains  of  water,  equivalent 
to  5  atoms;  and  there  remaiu  grains  of 
Uue  orioured  chloride  of  cobalt* 

14*  Muriate  of  zinc.   Muriatic  add  dissolves  MmiMe  er 
awe  with  iacility ;  but  the  solution  cannot  be 
mi^e  to  crystallize.   When  kept  for  some  time 

on  the  sand  bath  till  it  ceased  to  lose  weight,  it 
concreted,  en  cooling,  into  a  white  opaque  matr 
ter,  having  a  very  strong  and  disagmable  tast^, 
and  speedily  deiiquescing,  when  exposed  to  tlie 
air*    It  was  analyzed  by  dissolving  a  given 

Vol  II.  P 
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weight  in  watCTt  and  precipitating  the  oxide  ct 
zinc  by  an  alkali,  and  the  muriatic  add  hj  nitrate 

of  silver.   Its  constituents  are 


1  atom  muiiatic  add 

1  atom  ootido  of  atne  5*25 


9-875 


If  9-S7^  of  this  muriate  be  very  cautiousi/  heat- 
ed in  a  glass  tube»  it  may  be  made  to  gtwe  out 
1*125  of  water,  equivalent  to  an  atom.  Of 
'  course^  it  has  become  a  chloride  of  zinc»  com- 
posed of 


1  atom  chlorine        .  4*5 
1  atom  zinc     •      •  4-25 


8-75 


Th\s  is  the  only  muriate  which  I  have  met 

except  sal-ammoniac,  containing  no  water  of 
crystallization.  When  chloride  of  zinc  is  lieated 
to  redness,  it  fiises  into  a  transparent  liquid*  In 
a  red  heat  it  may  be  sublimed  in  the  open  air, 
giving  out  a  peculiar  and  not  unpleasant  odour. 

15.  Muriate  of  cadmium.  A  strong  aolutioD 
of  muriate  of  cadmium,  committed  to  spontane- 
ous evaporation,  is  gradually  convei:ted  into  a 
mass  of  short,  satiny  crystab,  somewhat  resem- 
bling asbestus.  25-29  grains  of  this  salt,  decom- 
posed by  carbonate  of  soda,  gave  14-59  grains 

:  9 


I 
I 
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of*  ignited  oxide.  Hence  the  constituents  of  tlie 
salt  are 

1  atom  muriatic  acid      .  ^'625 
I  Atom  oxide  of  cadmium  8 
1  atom  water  VIUS 


18-75 


When  13*75  grains  of  the  crystals  are  heated  in 
the  sand  bath,  they  give  out  '2-25  grains  of  water,  chiondc. 
equivalent  to  datoniSy  and  become  11^  grains 
of  chkmde  of  cadmium,  obviously  composed  of 


1  atom  chlorine         .  4*5 

1  atom  cadmium        •  7 


11-5 


16.  Bimuriateof  tin.  Wiien  tin  is  dissolved  ^i^Jl"*** 
in  muriatic  acid»  and  the  solution  sufficiently 
couceimated,  crystals  are  deposited,  usually  in 
the  foi:m  of  plates.  They  are  white  and  bril- 
liant, have  a  disagreeable  taste,  and  are  soluble 
in  water.  The  constituents  of  these  crystals  I 
find  to  be 

£  atomi  raamtic  acid  «  9'^^ 
1  atom  peroxide  of  tin  •  9^25 
3  atoms  itater  3*575 


81-S75 


I  have  not  attempted  to  convert  these  crystals 
into  bichloride  oi  tin.    There  exists  also  a  proto- 

PS 
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muriate  of  tin  ^  but  it  is  not  easily  got  in  a  stale 
fit  for  analysis* 
2jJ^  ^  17.  The  muriate  of  lead  does  not  exist.  When 
acetate  or  nitrate  ot  lead  is  mixed  with  a  solutioD 
of  common  salt,  and  the  liquid  conoeotrated  some* 
wiiat,  and  then  set  aside,  long  wliite  needle  form- 
ed crystals  are  deposited.  These  crystals  have  a 
silky  lustre.  When  examined  before  the  micro- 
scope, they  appear  to  be  flat  four-sided  {uisms, 
terminated  by  oblique  summits*  They  have  veiy 
little  taste;  and  are  very  SfMiringly  soluble  in 
cold  water,  though  boiling  water  dissolves  a  con- 
siderable quantity  of  them.  When  these  crys- 
tals were  exposed  to  the  greatest  heat  that  I 
could  raise  in  my  sand  bath,  they  lost  no  weight. 
When  heated  to  redness  in  an  open  vessel,  they 
sublime  almost  entirely ;  but,  in  a  close  vessel, 
tliey  may  be  heated  to  redness,  fused,  and  con- 
verted into  plumbum  comeum^  without  any  loss  of 
weight.  This  plumbum  coiiieum  is  a  chloride 
of  lead,  composed  of 

r 

1  atom  chlorine      .      ,  4-5 
I  atom  lead  13 

17-5 

5»*°™*»  18.  Neither  of  the  oxides  of  mercury  is  ca- 
pable  of  uniting  with  muriatic  acid ;  for  both 
calomel  and  corrosive  sublimate  are  chlorides. 

It  is  needless  to  enter  into  any  details  respect- 
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ing  these  wdl  known  substances.   Their  con- 

3tituents»  as  determiued  by  aumei:ous  e^ipca- 
mentSft  are  is  fioUom : 
(1.)  Calomel  or  protocUoride  of  mencury, 

1  atom  chlorine         .  4*5 
1  atom  mercury         .  25 

ui  pcicliloiiitc  of 
9 
34 

Chcnevjx's  analysis  ol'  calomel  is  very  near  the 
truths  but  his  analysis  of  corrosive  sublimate  is 
not  quite  so  acciinitc — that  of  Zaboada  is  the 
best  which  1  liave  seen. 

19.  Neitiier  does  the  oxide  of  silver  combine  chioHiie  of 
with  muiialic  acul.  The  precipitate  from  nitrate  * 
oi' silver  by  common  salt»  when  well  washed  and 
dried  in  the  open  air,  loses,  when  fused,  about  9 
per  cent,  oi  watti.  Now,  this  small  fractional 
purl  of  an  atom  of  water  can  only  have  been 
mechanically  attached  to  the  precipitate.  This 
precipitate  is  a  chloiiJc  ol'  silver,  conipubcJ  ol* 

1  stona  dhlorine     •  4*5 

1  atom  Sliver          .  13-75 


18-25 
r3 


(2.)  Corrosive  sublimate 
mercury, 

2  atoms  chluriuc 
1  Atom  mercury 
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as  I  have  satisfied  myself  by  the  most  careAii 

experiments. 
No  general  principles  respectii^  the  ooDstito* 

lion  of  muriates  can  be  deduced  from  the  salts 
belonging  to  that  genus  whose  constitution  is 
known ;  but  it  may  be  worth  while  to  state  the 
lacts  in  a  few  simple  propositions. 

(L)  There  are  hve  bases  which  do  not  seem 
capable  of  combining  with  muriatic  acid  ezoq>t 
in  solution.    These  are 


The  combinations  which  they  form,  when  in  the 
state  of  crystals  or  precipitates^  are  chlorides. 

(2.)  AU  the  muriates  contain  water  of  crystal- 
lization^  except  sal-auimoniac  and  uiuiiate  of 
zinc. 

(3.)  Muriates  exist,  containing 

1  atom  water.  Muriates  of  l>ar3^es  cadnuum. 

S  atoms  water.  Mui  iatu  of  copper. 

S  atoms  water.  Muriate  of  alumina^  prototuiirtate  oi  itmh 
bimuriate  of  tin. 

4  atoms  water.  Muriate  of  manganese,  cobalt. 

5  atoms  water.  Muriates  of  magnesia*  nickel. 

6  atoms  water.  Muriate  of  lime. 

8  atoms  water.    Muriate  ui  struutiaiL 

The  great  variation  in  the  quantity  of  water  in 
these  salts  is  astonishing. 


1  Patash> 
a  Soda, 
S  Lead* 


4  Mercury, 

5  Silver. 
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The  muriate  of  baiytes  conUdns  the  smallest  water  or 
proportion  of  water;  it  amounts  only  to  7*258  ST^ct" 
per  cent.    The  muriate  of  lime  contains  the**"^ 
greatest  quantity  ^  it  amounts  to  45*378  per 
cent.    As  it  may  be  useful  in  some  cases  to 
know  the  quautity  of  water  contained  in  100 
parts  of  these  salts^  I  shall  set  it  down  in  the  foU 
lowing  table : 


Muriate  of  barytcs 


7-  258 

8-  182 
16*424 
18*947 
«7 


•  cadmium 

-  tin 

-  copper 

-  iron  • 

•  alumina 


SO 


-  cobalt 

-  nickel 


manganese  ,  . 


33027 
83-644 

38-793 
44-117 
44*720 
45  578 
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OF  THE  COMPOSITION  OF  THE  SALTS. 

It  was  an  opinion  advanced  long  ago  by  Went* 

zel,  that  it  was  only  necessary  to  determine 
what  we  at  present  call  the  atomic  weight  of  the 
acids  and  bases,  which  constitute  the  salts,  in 
order  to  be  able  to  draw  up  tables  exhibiting 
the  constituents  of  all  of  them,  without  being  at 
the  trouble  to  subject  them  to  a  chemical  analy- 
sis. Berzelius  has  followed  up  this  idea ;  and  ^^^^i^'' 
after  determining  the  atomic  weights  of  thenita. 
acids  and  bases  by  a  very  careTuI  analysis  of  a 
certain  number  of  salts,  he  drew  up  a  complete 
set  of  tables,  exhibiting  the  proportion  of  acid 
and  base  contained  in  all  the  known  salts.  But 
such  tables,  even  supposing  the  atomic  weights 
on  which  they  are  founded  to  be  perfectly  exact, 

can  be  of  little  utility  to  chemists;  for  tiiey 
contain  no  new  inibrmation  whatever.  They 
merely  state  the  known  ratio  between  the  acid 
and  base  iu  numbers  diiierent  iirom  those  at- 
tached to  these  bodies,  and  representing  their 
atonnc  weights.  Now,  when  we  have  occasion 
to  use  these  ratios  ibr  calculating  the  result  of  a 
cliemical  experiment,  it  is  in  general  mudi  easier 
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to  have  recourse  to  the  atomic  weights  themsdves 
than  to  the  proportions  of  the  constitueots  oon- 

taiiicd  ill  100  parts  of  the  salL  To  give  an  ex- 
ample : 

Atom  of  sulphuric  acid  5 
Atom  of  protoxide  of  lead  14 

Of  tulplMie  of  lead  jg 

Now,  the  constituents  of  sulphate  of  lead  per 

cent,  are 

Sulphuric  add  86*5158 

Protoxide  ot  lead  73  081^^ 

1000000 

Suppose  I  have  86  grains  of  sulphate  of  lead, 
and  that  I  wish  to  know  how  much  sulphuric 
add  it  contams :  it  is  easier  to  use  the  propor- 
tion 

19 :  5 :  s  S6  :  S8*6S  «  oxide  of  lead  raquired* 

than  the  propoition 

100  ;  26  3158  :  :  S6  :  S2*6S  =  oxide  of  lead. 

or  if  the.  second  process  be  sometimes  as  sbort 
the  former,  the  former  has  the  advantage  of  al- 
ways ui\  in^  a  precise  result,  whereas  the  latter 
in  general  is  only  au  appiioximation*  This  has 
induced  me  for  sometime  to  abandon  the  oU 
mode  of*  stating  the  constituents  of  salts  in  the 
proporiioofl  contained  in  lUO  parts  of  tlie  sak» 
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and  to  substitute  the  atomic  weight  of  each  con- 
stituent ibis  conveys  a  more  precise  idea  at* 
the  constitution  of  the  salt,  and  gives  to  at  the 
same  time  the  atomic  weight  of  an  int^imt 
particle  of  it  This  method  will  come  to  be 
adopted  likewise  in  the  analysis  of  minerals,  as 
soon  as  we  have  acquired  more  cietinile  ideas 
lespecting  the  chemical  constitution  of  these 
complex  boilic's — u  kind  of  knowledge  into 
which  great  progress  ot  late  years  has  been 
made  by  Berzelius  and  his  pupils»  and  capable 
even  at  present  of  a  satisfactory  developenient 
with  regard  to  many  minerals* 

The  great  use  of  a  table  of  the  composition  of 
tiie  salts  is  to  give  us  an  exact  knowledge  of  the 
weight  of  each  constituent  contained  in  a  given 
weight  of  the  salt  For  example,  carbonate  of 
soda  is  a  compound  ot 

1  atom  carbonic  acitl  2*75 
1  atom  sofla  4 
1 0  atom«  water  1 1  '25 

IB 

1  am  in  the  habit  of  keeping  carbonate  of  soda 
in  my  laboratory  in  two  states ;  namely,  in  crys- 
tals  and  anhydrous.  If  I  want  exactly  4-  grains 
of  soda  for  any  particular  purpose^  I  have  only 
to  employ  18  grains  of  the  crystallized  carboiiate» 
or  6i  grains  of  the  anhydrous  carbonate ;  in 
either  case  I  am  sure  of  having  exactly  the  , 
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qinuitily  of  soda  vequired :  whereas,  iT  I  were 

obliged  to  employ  caustic  soda,  it  would  not  be 
so  easy  to  determine  how  much  of  it  contained 
the  exact  quantity  of  soda  required.  But  it  is 
obvious,  that  no  table  exhibiting  the  composi- 
tion of  the  salts  can  furnish  us  with  any  infoiii» 
tion  which  will  be  useful  in  this  point  of  view, 
unless  it  tells  us  whether  the  salts  are  anhydrous^ 
and,  if  they  contain  water,  how  many  atoms 
of  that  liquid  enter  into  the  integrant  particle  of 
the  salt.  No  general  laws  respecting  the  watef 
<^  crystaUizaiion  being  known,  it  is  still  neceasaiy 
to  subject  every  salt  to  a  rigid  analysis  in  oi'der 
to  determine  whether  any  water  be  presoit  in  it, 
and  how  much, 

I  have  made  a  very  considerable  number  oi 
analyses  with  this  object  in  view,  and  I  shall 
state  the  results  of  them  in  this  chapter.  Now, 
::»alts  are  of  two  different  kinds— some  are  com- 
posed of  an  acid  and  a  base  simply  united  to- 
gether, with  or  without  water :  these  may  be 
called  simple  salts*  Others  are  formed  by  the 
union  of  two  simple  salts  together,  and  this 
either  with  or  without  an  alteration  in  tlie  atouuc 
quantity  of  water  present  These  salts  are 
lisuaUy  called  tripk  sails  ;  but  the  term  double 
salts,  applied  to  them  by  lierzelius»  is  much 
more  appropriate.   These  double  salts  are  ei- 

ceedingly  numerous,  though  only  a  lew  of  them 
have  been  uoticed  in  chemical  books.   It  will  be 
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convenient  to  conaider  the  simple  sails  in  the 

Hist  place,  because  a  kaowlcJge  of  them  is 
necessary  in  order  to  understand  the  coustitutiou 
of  the  double  salts. 

SECT.  I. 

OF  THE  SIMX'LE  SALTS. 

M.  Gayton-Morveau,  to  whom  the  science  of 
chemistry  is  indebted  for  the  present  nomencla- 
tuie  of  the  fldts»  divided  them  into  as  many  ge- 
nera OS  there  were  acids,  and  gave  each  genus  a 
name  derived  from  that  of  the  acid  belonging  to 
it  Bergman,  who  had  contrived  a  Latin  no- 
menclature for  the  salts  some  years  before  the 
appeanance  of  Morveau's  nomenclature,  im  the 
other  handy  divided  them  into  as  many  genera 
as  there  were  bases,  and  derived  the  geucnc 
names  from  that  of  the  base.  In  this  plan  lie 
was  followed  by  Dr.  Black.  Both  cf  these  me- 
thods oi*  arranging  the  salts  have  their  advan- 
tages and  disadvantages.  In  reality^  which  ever 
mode  we  adopt,  we  clap  under  the  same  genus, 
salts  possessing  very  difieient  and  almost  op- 
posite properties.  At  present  I  shall  ioUonr 
Bergman's  method,  because  I  have  arranged  the 
salts  according  to  it  in  my  System  of  Chemistry. 
In  gieneial  i  shall  merely  give  the  constituents  of 
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each  salt  without  making  any  observations  on  its 

properties,  except  when  they  may  be  necessary, 
when  speaking  of  salts  not  previously  accurately 
described  in  chemical  books. 

1.  SALTS  OF  AMMONIA. 

1.  Sulphate  of  ammonia.    Its  constituents  are 

1  atom  sulphuric  acid  5 
1  atom  ammonia  2*125 
1  atom  water  ]L*125 


8*25 

JJjjJjjJ^   The  specimen  analyzed  was  in  large  and  beauti- 
ful crystals  prepared  expressly  for  the  purpose. 
My  method  was  this :        grains  were  dissdved 
in  water,  and  the  liquid  mixed  with  a  solution  oi 
ld«^  grains  of  chloride  of  barium.   After  the 
sulphate  of  barytes  had  precipitated,  the  resi- 
dual liquid  was  examined  for  barytes  and  8ui> 
phuric  acid»  but  found  to  contain  no  traces  of 
either  j  hence,  8'^  grams  of  the  salt  contain  5 
grains  of  sulphuric  ,  acid.    The  remaimng 
grains  constitute  the  ammonia  and  water.  The 
salt  was  neutral  J  consequently,  2-125  of  ammo- 
nia must  have  been  present  to  saturate  the  6  of 
sulphuric  acid.   The  remaining  1*1^5  was  ob* 
viously  water.    I  mention  these  particulars  be- 
cause BerzeliuSy  in  the  tables  of  the  constitueots 
of  salts  which  he  published,  has  stated  tliat  the 
sulphate  of  ammonia  contains  U3*yi  per  cent,  of 
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water,  (the  result  of  his  analym  was  OS'S.*) 

Now  Jt  IS  obvious,  tiMVt  the  salt  which  I  analyzed 
contained  per  cent 

Sulphuric  acid  60<606 
Ammonia  25*757 
Water  186S6 

99-999 

Berzelius'  salt,  therefore,  must  have  contained 
two  atoms  of  water.  The  salt  which  I  analyzed 
was  composed  of  r^ular  rectangular  plates  with 
bevilled  edges,  and  from  some  obsti  vatioiis  on 
the  crystals,  I  am  induced  to  consider  their  pri- 
mary form  as  a  four-sided  rectangular  prism 
with  square  bases.  It  would  seem  from  Berze- 
lius'  analysis,  that  there  is  another  sulphate  of 
ammonia,  containing  twice  as  much  water  as  the 
salt  whicli  I  analyzed.  It  is  the  only  form  of 
the  sulphate  of  ammonia  with  which  I  am  ac- 
quainted. I  wish  Berzelius  had  mentioned  the 
shape  of  the  crystals  which  he  examined. 

2.  Nitrate  of  ammonia.  To  ascertain  the  com- 
position of  this  salt  I  put  a  quantity  of  it  into 
a  small  retort,  from  tlie  beak  of  which  a  bent 
tube  passed  to  the  top  of  a  graduated  glass  jar 
filled  With  mercury,  and  standing  on  the  mercu- 
rial trough,  the  apparatus  was  precisely  similar 
to  the  one  described  in  chapter  sixth,  sect  1st,  p. 


•  Aniandiiugar,  V.  14^. 
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140^  by  meaiit  of  which  I  detenninedtbe  voluoie 

of  carbonic  acid  gas  disengaged  from  a  gives 
weight  of  calcareous  spar.  A  spirit  lamp  ^^as 
applied  to  the  bottom  of  the  retort»  by  which  the 
salt  was  melted  and  decomposed  into  protoxide 
of  azote  and  water.  The  volume  of  deutoxide 
of  azote  evolved  was  measured ;  the  undecom- 
posed  salt  was  washed  out  oi  the  retort,  aud  eva- 
porated in  the  very  same  temperature  as  tiie 
original  salt  had  been  till  it  ceased  to  lose 
weight — ^it  was  then  weighed.  By  this  means 
I  ascertained  the  exact  quantity  of  salt  decom- 
posed. The  reader  is  probably  aware,  that 
when  nitrate  of  ammonia  is  iicated  it  is  com- 
pletely decomposed  into  protoxide  of  azote  and 
water,  as  was  shown  many  years  ago  by  Sir  H. 

Davy.  It  is  easy  to  see  Uiat  this  must  be  the 
case* 


OXVOUI.  Alois. 

Nitric  acid  compoced  of  6  atonift  4>  1  atom  +  0  atom 
Ammonia  0        +1        +  S 

Total  5  «h  S  -¥  S 

Now, 

3  atoms  water  consist  of  3  -(-0  +3 

S  atoms  protoaude  of  asote  2  4-2  +0 

Totri  5         +  «        +  • 

So  that  an  integrant  particle  of  nitrate  of  ammo> 

niu  (supposiug  it  anhydrous)  i&  decomposed  bj 

16 
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heat  into  3  atoms  water  and  ^  atoms  protoxide 
of  azote. 

3  atoms  water  weigh  S*S75 
2  atoms  protoxide  of  a2ote  5'5 

8875 

8*875  parts  of  nitrate  of  ammonia  (if  anhydrous) 
would  give  out,  when  decomposed,  5*5  parts  of 
protoxide. 

The  volume  of  protoxide  of  azote  obtained, 

enabled  me  to  determine  the  weight  of  anhy- 
drous  nitrate  of  ammonia  decomposed ;  and  the 
difference  between  this  weight,  and  that  of  the 
salt  decoqoposed  in  my  experiment,  gave  me  the 
water  of  crystallization  which  my  salt  contained. 
The  constituents  ol  nitrate  of  ammonia  obtained 
in  this  way  are  as  follows ; 

1  atom  nitric  acid  f)*75 
1  atom  ammonia  %-lft5 
I  atom  water  1*1S5 

lOOOO 

■ 

This  is  just  the  quantity  of  water  found  by  Ber- 
zelius  in  his  analysis  of  this  salt.* 

Davy  analyzed  this  salt  in  three  states :  name- 
ly, in  priffinatic  crystals,  in  a  fibrous  state,  and 
compact.   The  result  is  as  follows : 


•  Ann.  de  Chim.  LXXX.  180. 
Vol.  II,  Q 
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PKUMATIC 

nWMMt*. 

COMPACT. 

Nitric  acid 

69-5 

72-5  . 

74-5 

Ammonia 

18-4 

19-3 

19*8 

Water 

121 

8-2 

5-7 

1000 

100 

100 

The  first  salt  contained  obviously  1  atom  of 
water ;  it  was  in  the  same  state  as  the  salt  which 
I  analyzed.  The  second  contained  nearly  three 
fourths  of  an  atom,  and  the  third  very  nearly 
half  an  atom.  These  experiments  were  made 
before  chemists  were  in  possession  of  the  requi- 
site data  for  accurate  anal3^sis.  But  I  mention 
them  because  they  show  that  this  salt  may  exist 
with  different  proportions  of  water  of  crystalliz^ 
tion.  J 
Carbonate,  3,  Carbouatc  of  ammonia.  This  salt  is  anhy- 
drous ;  its  constituents  are 

1  atom  carbonic  acid  2*75 
,  1  atom  ammonia  2- 125 

4-875 

It  may  be  easily  formed  by  mixing  together  1 
volume  of  carbonic  acid  gas  and  2  volumes  of 
ammoniacal  gas,  both  as  dry  as  possible.  These 
two  gases  immediately  condense  into  a  wliite 
powder,  which  is  obviously  a  compound  of  1 
atom  carbonic  acid  and  1  atom  of  ammonia, 
and  which  does  not  contain  any  water.  But  I 
have  never  met  with  this  salt  in  commerce ;  the 
fresliest  ca-bonated  ammonia  which  I  have  been 
able  to  procure  containing  li  atom  of  carbonic 
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acid  to  the  atom  of  ammonia,  and  constituting, 
therefore,  the  salt  which  I  am  just  gdng  to  no* 

tice. 

4.  Sesquicarbonate  ot  ammonia.    This  is  the  ""^^n^H  ir 
name  which  ought  to  be  ffvea  to  the  carbonate  ' 

of  ammonia  of  the  shops.  It  is  usually  in  the  state 
of  hard  white  cakes,  having  a  strong  ammoniacai 
odour,  and  instantly  giving  a  purple  colour  to  cud- 
hear  papci .  I  have  frequently  examined  this  salt 
at  diHerent  times  and  m  different  places,  to  ascer- 
tain whether  there  was  any  difference  in  its  com- 
position. It  is  only  a  sesquicarbonate  when 
newly  prepared  j  by  keeping,  it  gradually  loses 
a  portion  of  its  ammonia,  and  I  have  obtained  it 
in  a  great  \aiicty  of  states  between  a  sesquicar- 
bonate and  bicarbonate  ^  but  never  constituting  a 
true  bicarbonate.  I  analyzed  this  salt  in  the  fol- 
lowing manner : 

7*37^  grains  of  it  were  dissolved  in  water, 
and  mixed  with  a  solution  of  9  grains  of  oxalic 
acid  crystals.    The  mixture,  when  recent,  pro- 
duced no  change  on  cudbear  paper,  and  there-* 
(Are  ccmtained  no  free  ammonia.   It  reddened 
litmus  paper  ^  but  tlie  blue  colour  was  speedily 
restored  when  the  paper  was  leii  exposed  to  the 
air :  hence,  it  was  owing  to  the  carbonic  acid 
disengaged   from  the  ammonia  by  the  oxalic 
acid.     Now,  9  grains  of  oxalic  acid  crystals 
contain  4*5  grains  of  true  acid,  which  require 
tor  saturation  grains  of  ammonia.  This> 


Digitized  by  Google 


24A 


SALTS 


conasquently,  is  the  waght  of  apmoniii  in  7*37^ 

grains  of  sesquicarbonate, 

7*375  grains  of  sesquicarbonate  of  ammgoiii 
were  dropped  iolo  aulphurio  acid^  and  tbe  car- 
bonic acid  gas  disengagt^d  was  driven  through 
lime  water.  The  weight  <kf  the  carbooate  of 
Hme  precipitated  was  9*37^  grains,  equivalent  to 
4x'i^  grains  of  carhpnic  acid.  Hen^e,  the  con- 
stituents of  the  salt  are 

1 1  atom  cubonic  acid  4*|2^ 
1  atom  ammonia  e*lS6 
1  atom  water  .  I^ISS 

7'S75 

This  salt  may  be  obtained  anhydrous  by  mixing 
together  3  volumes  of  carbonic  acid  gas  and  4 
volumes  of  ammoniacal  gas* 

5.  Bicarboiiale  of  annnonia.  This  salt  imiy 
be  obtained  by  reducing  the  sesquicarbonate  to 
powder,  and  exposing  it  to  the  open  atr  fbr  sooie 
time  in  a  dry  place.  It  gives  out  a  portion  of 
its  ammonia,  and  at  the  same  time  loses  ill 
smeTK  Its  constituents,  determined  in  the  saiae 
way  as  those  of  the  preceding  salt,  are 

2  {itoni?i  carbonic  aidd     '  5-5 
1  atoip  ammonia        .  2*125 
1  atom  water  1*125 

.  S-75 

It  may  be  obtained  anliydioua  by  mixing  eqi^ 
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volumes  of  carbonic  acid  and  ammoniacal 

gases. 

6.  Borate  of  ammoim*   Tiie  confttiiu^nU  of  Bon^ 
thiB  salt  fl^tn  to  me  to  be  as  foliowd : 

1  atmn  boracic  add  S 

1  atom  ammonia  l2*l25 

2  atoms  WHter    .       »       8*f  5 

7-375 

1  merely  satisfied  myself  that  tlic  acid  existing  ill 
tiie  salt  is  not  more  than  1  atom.  I  then  ascer- 
tained the  weight  of  the  acid,  and  inferred  the 
other  constituents  from  tlic  deficiency  of  weight. 
Tiie  above  analysis  approaches  to  that  of  Berze- 
lius.* 

7.  Phosphate  of  ammonia  crystaliizes  in  rhom-  Phosphate, 
boids,  and  is  much  less  transparent  than  biphos* 
phate.   The  constituents  of  this  salt  are  as  fol- 
lows : 

1  atom  phosphoric  acid  3*5 
1  atom  ammoaia       •  2*125 
dalomi  water 

7*9J5  grains  of  phosphate  of  ammonia  in  crys- 
tals were  dissolved  in  water,  and  mixed  with  a 
solution  of  ^'75  grains  of  nitrate  of  lead.  After 
the  precipitation  df  the  phosphate  of  lead,  the 

•  See  Annala  of  rhilosophy,  III.  57. 

as 
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residual  liquid  was  not  rendered  muddy  by  phos- 
phate of  ammonia  or  nitrate  of  lead.  But  a  lit- 
tle of  the  phosphate  of  lead  remains  in  solutioii, 
unless  the  liquid  be  evaporated  to  dryness,  and 
the  residue  dissolved  in  water.  The  consequence 
of  this  is,  that  sulphate  of  soda  renders  the  resi* 
dual  liquid  slightly  opalescent 

8.  The  biphosphate  of  ammonia  is  oompoeed 

of 

2  atoms  phosphoric  acid  7 
1  atom  ammonia    .       .  2*125 

9*125 

9*1^  grains  of  biphosphate  of  anuuouia  in  crys- 
tals were  just  decomposed  by  41*5  grains  of  ni- 
trate of  lead.  Hence,  the  crystallized  salt  con- 
tains no  water.  This  salt  ibrais  very  beautiliil 
transparent  four-sided  right  prisms  with  square 
bases.    Taste  acid, — reddens  vegetable  blues. 

9.  Arseuiate  ot'  ammonia  crystallizes  without 
any  great  difficulty ;  though  it  has  a  considers- 
ble  tendency  to  pass  into  binarsciiiate.  Its  crvs- 
tals  are  regular  octahedrons  often  with  an  inter- 
vening piism  between  the  pyramids.  It  is  an- 
hydrous,  and  is  composed  of 

1  atom  arsenic  add  7*75 
1  atom.ammoaia  2*125 

9-875 

For  9*875  grains  are  just  decomposed  by 
grains  of  nitrate  of  lead. 
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10*  Binarseniate  of  axnmoma*  This  salt  was  Binane- 
cbtained  by  dissolving  cvj^tallized  araeniate  of"*^ 
ammonia  and  dry  arsenic  acid  in  water,  each  in 
the  atomic  proportions.  The  solution  being  suf- 
ficiently concentrated  and  set  aside^  large  crys- 
tals of  binarseniate  of  ammonia  were  deposited. 
T|iey  were  opaque  white  irregular  rhomboids  ; 
the  taste  of  the  crystals  was  saline,  astringent, 
and  acid,  and  they  strongly  reddened  vegetable 
blues. 

19*875  grains  of  this  salt  were  dissolved  in 
water,  and  mixed  with  a  solution  of  41*5  grains 
of  nitrate  of  lead.  After  the  arsehiate  of  lead 
had  precipitated,  the  residual  liquid  was  neither 
afiected  by  giauber  salt  nor  nitrate  of  lead. 
Hence,  we  see  that  19*87^  of  this  salt  contain 
just  2  atoms  of  arsenic  acid.  The  constituents 
of  the  salt  consequently  are 

U  kiUnna  aiaeiiiC  acid  15*5 

1  atom  ammonia  2*125 

2  atoms  water  2'f^5 

19375 

11.  Chromate  of  ammonia.    This  salt  is  not  rw^^, 
easily  obtained  in  a  state  of  purity,  from  the 
great  tendency  which  it  has  to  part  witii  half  of 
its  ammonia  during  its  concentration.   It  may, 

however,  be  procured  in  a  solid  state  by  the  fol- 
lowing process :  supersaturate  chromic  acid  with 
ammonia,  and  place  the  solution  (which  should 

Q4 
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be  concentrated)  under  tlie  exhausted  receiver 
of  aa  air  pampb  ftandtng  over  a  vetsd  filled  witb 
concenCrated  sulplmrie  add.    The  wafer  and 

excess  of  ammonia  gradually  evaporate,  and 
leave  the  chraaute  of  ammonia  beUnd  in  a  dry 

state.  It  has  a  fine  yeUow  colour,  and  is  in  crys- 
talline scales,  which  are  not  altered  by  exposure 
to  the  air.  Its  taste  is  hot  and  selin^  and  it-k 
exceedingly  soluble  in  water ;  it  produces  no 
alteration  on  cudbear  paper,  but  very  ali^^itiy 
reddens  litmus  paper.  Solutions  of  8-625  grains 
of*  this  salt  and  !2U-7«5  grains  of  nitrate  of  lead 
being  mixed  together,  chromate  cf  lead  precipe 
tated»  and  the  supernatant  Uquid  was  transpa* 
rent  and  colourless,  and  contained  no  traces  of 
chromic  acid  or  of  lead.  Hence^  the  salt  is  an- 
hydrous and  composed  of 


Biciiio.       IS.  Bichromate  of  ammonia.   This  salt  is  ob- 

tamed  when  we  concentrate  Uie  solution  of 
chromate  of  ammonia  on  the  sand  bath.  Oae 
half  of  the  ammonia  flies  ot^  and  the  bichromate 
gradually  precipitates  in  tlie  ibrm  of  beautiiid 
red  crystalline  scakst  which  are  not  altered  by 
exposure  to  the  air.  The  taste  of  this 
hot,  aud  bitter,  and  very  disagreeable  ^  it  reddeas 


1  atom  chromic  acid 
I  atom  ammonia 


&5 
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vegetable  blues,  uikI  is  very  soluble  in  water. 
When  heated  it  luelts  and  loses  its  water  and 
ammonia  $  a  dark  gteen  matter  temdina,  which 
speedily  becomes  solid,  exhibiting  the  rudiments 
of  ciyslaUizatioa  on  the  surface*  This  matter  is 
brittle,  baa  a  cooling  and  sharp  taste>  and  partly 
dissolves  iu  water,  forming  a  deep  yellow  solu- 
tioD»  and  partly  remains  in  the  state  of  a  de^ 
green  insoluble  matter.  It  is  olWiousi  that  by 
the  heat  the  chromic  acid  had  been  pai  tly  con- 
verted into  protoxide  of  chromium  ^  so  that  the 
dark  green  matter  left  was  a  kind  of  chromate 
of  chromium* 

17*37^  grains  of  this  salt  were  just  deprived 
of  the  whole  of  their  chromic  acid  by  41-  >  grains 
of  nitrate  of  lead.  Uence,  the  constituents  of 
the  salt  are 

2  atoms  chromic  acid  13 

1  alom  ammonia  S'lSd 
a  atoms  wstsr  S^CS 

Id.  Bitudgstate  of  ammonia.   I  have  already  Bun^ 

given  an  account  ui  tins  salt  iu  a  preceding 

diapter  of  this  work*  Its  constituents  I  believe 
to  be 

2  atoms  tungstic  acid        37 '5 

1  atom  ammonia        •  2*125 

2  atoms  water    .  2*25 

41S7^ 
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I  have  not  analyzed  the  other  species  of  this  salt, 
which  is  perhaps  a  tungstate— not  having  ob- 
tained it  in  sufficient  quantity. 
Acetate  14.  Acetate  of  ammonia.  Taste  hot  and  arc* 
matio— crystals  transparent  four-sided  oblique 
prisms,  terminated  by  a  rhomb.  Faces  appa- 
rently striated — very  dehquescent,  so  that  they 
cannot  be  measuredL   Analyzed  by  digesting  a 

solution  of  40  grains  of  the  crystals  with  40 
grains  oi  pure  carbonate  of  lime  in  fine  powdery 
15*5  grains  of  the  carbonate  of  lime  had  been 
dissolved,  indicating  15-5  grains  of  acetic  acid* 
Hence,  the  constituents  of  the  salt  are 

1  atom  acetic  acid  6-25 
1  atom  ammoniA  2125 
7  atoms  water  7*S75 

Tliis  salt  was  crystallized  by  placing  a  concen- 
trated solution  of  it  under  the  exhausted  re- 
ceiver of  an  air  pump  over  sulphuric  acid.  Mr. 
Kootsey  of  Bristol  crystallized  it,  in  that  way 
about  eight  years  ago. 

15.  Benzoate  of  ammonia.  This  salt  forms 
beautiful  crystals,  having  a  silky  lustre.  I  iind» 
that  when  kept  in  a  carelessly  stopped  vessel 
they  gradually  lose  half  of  their  ammonia,  and 
are  converted  into  bibeuzoate ;  but  I  have  not 
ascertained  the  water  of  crystallization  of  this 
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1  ast  aah.    The  beuzoate  is  very  sparingly  soluble 
i  n  water.   Its  constituents  are 

t:*  •   ^: ■■■  i t^:  ■  . 
1  atom  bensoic  acul  15 

1  atom  ammonia        /  2*125 

1  atom  water         J'**'  '  1125  ' 

lS-25 

16.  Succinate  of  ammonia.  From  au  anaiy-  SuGdoatc^ 
sis  of  this  salt  whicli  I  made  several  years  ago»  I  . 

am  disposed  to  consider  if  as  composed  of 

1  atom  succinic  acid  6'25 

1  atom  ammonia     •  2*125 

2  atoma  water  2*25 

10*625 

17*  Oxalate  of  ammonia.   This  salt,  being  ofOuiMt^ 

considerable  scr\ice  in  chemical  analyses,  was 
examined  by  me  with  great  care,  and  its  coiisti- 
tueots  found  to  be 

1  atom  oxalic  acid  4*5 

1  atom  ammonia  2*125 

2  atoms  water        .  2*25 

8-875 

18.  Binoxalate  of  ammonia.  This  salt  is  easily  RiiMMid»tgti 
obtained  by  adding  to  a  solution  of  oxalate  of 
ammonia  crystals  of  oxalic  acid,  in  the  propor- 
tion of  8-875  oi"  the  iinrmer  to  9  oi  the  latter. 
When  the  solution  is  concentrated  it  yields 
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beautiful  crystals  of  binoxalate  of  ammooit: 

these  crystals  are  partly  octahedrons^  partly  fow- 
aided  flatprismsy  apparently  rectangular,  having 
two  opposite  lateral  edges  usually  truncated. 
Taste  acid, — ^reddens  vegetable  blues,  and  is  not 
altered  by  exposure  to  tlie  air*  When 
grains  of  these  crystals  are  dissolved  in  water 
and  mixed  with  a  neutral  solution  of  1S*5  grains 
of  caibonate  of  lime  in  muriatic  acid»  the  resi- 
dual liquid,  after  the  precipitation  of  the  oxalate 
of  lime,  is  neither  affected  by  oxalate  ui  ammo- 
nia nor  muriate  of  lime.  Uence^  the  constitu- 
ents of  the  salt  are 


80-185 

Tmuaie.      19*  Tartrate  of  ammcmiB*   The  constitaentt 

oi  tiiis  salt  are 


10*375 

For  10*375  grains  of  it  and  ^*75  grains  of  ni- 
trate of  lead  exactly  decompose  each  other* 

If  the  preceding  list  of  ammmkicai  salts  be 
sufficiently  extensive  to  entitle  us  to  dram  any  de- 
ductions, we  may  conclude,  that  about  itii  ui  ihc 


8  fltuHPft  fflfulff  acid 
1  atiwii  ammoma 
8  atoms  water 


9 

8*185 
9 


]  atom  tartaric  add 
1  atom  aimnoDia 


8-25 
8185 
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uminuiiiacal  salts  are  destitute  of"  water  ul'crystal- 
lizatioOi  and  tliat  the  hydroua  salts  usually  con* 
taiii  only  1  or  %  atoma^  and  very  nrely  more 
than  2  atoms  of  water  in  an  integrant  particle  of 
the  salt*  Acetate  oi  anunoiua»  alooe^  wa»  iouod 
to  contain  7  atoros^  and  bioozalate  of  ammonia 
8  atoms. 

SALTS  OF  POTASH, 

1.  Sulphate  of  potash.    This  well  known  saltsuiphrte^ 
contains  no  water,  but  is  comfiosed  of 

1  atom  •ulphuric  acid  5 
1  atmn  potash  6 

11 

^.  Bisiilphate  of  potash.  This  salt»  which  has  BbuipiMte, 
been  long  well  known,  may  be  easily  obtained  by 
dissolving  sulphate  of  potash  in  dilute  sulphuric 
acidy  and  evaporating  the  solution.  Itcrystal* 
lizes  in  thin  rhonihoids  :  the  pkine  angles  of  the 
larger  faces  are  97^  and  40 and  the  in- 
clinations of  the.  faces  to  each  other  are  107^  \5' 
and  72^  45'.  Its  taste  is  acid  and  bitter,  and  it 
is  not  alteced  by  ezpoaure  to  the  air.  A  pretty 
strong  heat  19  necessary  to  drive  <tf  tiie  excess  of 
acid  and  reduce  tUe  salt  to  the  state  ot  simpie 
sulphfllie  of  potash.  The  profiorlioa  of  the  acid 
and  potash  to  each  other,  in  this  sah,  has  been 

16 
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long  known  ; — ^the  following  experiment  shows 
us,  likewise,  the  proportion  of  water: — 
grains  of  it  being  dissolved  in  water  and  mixed 
with  a  solution  of  ^6-5  grains  of  chloride  of  ba- 
rium, a  double  decomposition  took  place,  and 
after  the  sulphate  of  bastes  had  precipitated  the 
residual  liquid  was  neither  affected  by  sulphate 
of  soda  nor  muriate  ot  barytes.  Hence,  the 
constituents  are 

m 

2  atoms  sulphuric  add  10 

1  atom  potash     .       .  6 

3  atoms  water     •       .  2-25 

18*25 

Nitnae,       3,  Nitrate  ^ef  potash.  This  salt  is  seldom  free 
from  a  little  water  lodged  mechanically  between 

the  plates  of  the  crystals,  which  is  easily  drivep 
ofl'  by  drying  the  salt  on  the  sand  bath.  Its  con* 
stituents  are 

1  atom  nitric  add    .  6*75 

1  atom  potash  .  6 

12-75 

Cdrbonate^  4.  Carbooate  oi  potash.  This  salt  is,  in  gen* 
eral,  stated  in  chemical  books  to  be  incapable  of 
crystallizing :  however,  I  have  obtained  it  in 
pretty  r^ular  prismatic  crystals  by  evaporatii^ 
its  solution  in  a  gentle  heat  These  crystals  are 
composed  ot 
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1  atom  carbonic  add  8*75 

1  atom  potash         .  6 

2  uLonis  water  •        2  2.3 


11 

The  water  was  determined  by  heating  1 1  grains 
of  the  crystals  to  redness :  the  loss  of  weight  was 
2*25  grains. 

5.  Sesquicai'bouate  of  potash.    In  a  solution  Se^iquicar. 
of  impure  carbonate  of  potash,  with  which  car-  '  ^ 
bonate  of  ammonia  had  bccii  mixed  and  ammo- 
nia disengaged,  large  crystals  formed :  they  were 
irregular  six-sided  plates^  and  seemed  composed 

of  a  congeries  of  small  crystals,  whose  lorm 
copld  not  be  determined*  They  were  translu- 
cent, had  an  alkaline  tast^  and  rendered  cudbear 
paper  violet.  When  analyzed  they  proved  a 
compound  of 

1  ^  atom  carbonic  add    4*  1 25 
1  atom  potaah  6 
6  atoms  water  •  6*7^ 

16»875 

These  crystals  were  first  observed  by  Dr.  Nim- 
mo  of  Glasgow,  a  very  ingenious  chemical  inend 
of  mine,  who  was  so  good  as  to  bring  them  to 
my  laboi  atory,  where  tlieir  composition  was  de- 
termined. 

6.  Bicarbonate  of  potash*   The  constituents  BieMb(». 

of  this  well  known  salt  are  as  follows  ; 

9 
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e  alonis  ewriMmie  $M  5*5 
i  afeoropoCtth  6 
1  atom  waler  1*125 

12'6ft5 

The  aystallized  bicarbonate  of  commerce  always 
contuns  a  little  more  than  an  atom  of  water. 

This  surplus  varies  in  quantity,  and  is,  i  suppose, 
lodged  mechanicaUy  between  the  plates  of  the 
crystals.  The  greatest  quantity  of  water  which 
I  have  met  with  in  this  salt  is  li  atom,  and  the 
least  about  It  atom.  This  uncertamty  in  the 
aqueous  portion  of  this  salt  renders  it  difficult  to 
employ  it  in  chemical  analyses,  where  an  ejcact 
quantity  of  potash  is  wanted  for  any  particular 
purpose.  But,  if  we  expose  the  salt  to  a  red  heat 
we  convert  it  into  an  anhydrous  carbonate*  com* 
posed  of 

1  atuni  Ccii  bouic  acid  1^*75 
1  atom  potash         .  6 

8-75 

So  that  875  grains  of  it  oositaia  just  6  grains  of 

potash — ^in  this  way  I  use  it. 
phMfiiMMa^    7*  Phosphate  of  potash*  This  salt  is  not  veiy 

easily  obtained  in  a  state  of  purity ;  however,  by 
neutralizing  a  solution  of  carbonate  ot  potash 
witii  phosphoric  add,  oonoentrating  the  solutiiii, 

and  setting  it  aside  ibi  some  days,  a  ueutial  pbos- 
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phate  of  potash  may  be  obtained  in  regular  crys- 

tuls.  The  taste  of  this  salt  is  siiliiic  mid  not 
strong;  its  crystals  are  octahedrons,  having, 
most  commonly,  a  short  rectangular  prism  in- 
terposed between  the  two  pyramids.  It  produces 
no  alteration  on  vegetable  biues»  and  its  constitu** 
ents  are 

1  atom  phosp}ioric  acid  3*5 
I  atom  potaah  ti 
1  atom  water  •      1*1  S5 

10*685 

In  general,  tlie  crystals  contain  ratiier  more  than 
1  atom  <^  water*  Indeed,  in  a  very  careful  ana- 
lysis I  obtained  exactly  1*68  grain  of  water  from 
11*18  grains  of  the  crystals;  this  is  precisely  H 
atom  water.  I  am  rather  inclined  to  consider 
the  lialf  atom  as  chemically  coiabined  vviUi  the 
salt  likewise ;  because  the  crystals  may  be  kept 
for  any  length  of  time  in  a  temperature  above 
oiXf  witliout  losing  any  weight.  When  phosphate 
of  potash  is  fused  it  assumes  a  yellow  colour, 
but  becomes  again  white  on  cooling. 

8.  Binarseniate  of  potash.    This  salt  crystal-  Binarso- 
lizes  in  four-sided  prisms,  with  square  bases 
but  the  primary  form,  according  to  Mitcherlich, 
is  an  octahedron,  witii  a  square  base.    Its  con- 
stituents are 

.  Vol,  IL  B 
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2  atoms  arsenic  acid  15*5 

1  atom  potash         .  6 

I  atom  water  .  1-125 


22-625 

But  there  is  almost  always  a  little  surplus  water 
(amounting  to  about  half  an  atom)  lodged  me- 
chanically between  the  plates  of  the  crystals, 
chromaie,  9.  Chromatc  of  potash.  This  beautiful  salt 
contains  na  water  of  crystallization.  Its  consti- 
tuents are 

1  atom  chromic  acid  6*5 

1  atom  potash  .  G 

12-5 

•  * 

10.  Bichromate  of  potash.  Neitlier  does  tliis 
salt,  the  most  splendid  and  one  of  the  most  use- 
liil  of  the  whole  tribe  of  salts,  contain  any  water 
of  crystallization.    Its  constituents  are 

2  atoms  chromic  aci4  13 
1  atom  potash  .  6 

19 

Acetate,  11.  Acetate  of  potash.  This  salt  is  so  deli- 
quescent that  it  is  not  easy  to  analyze  it  by  the 
usual  methods ;  but  the  following  experiment 
comes  sufficiently  near  to  leave  no  doubt  about 
the  quantity  of  water  which  it  contains  when  in 
crystals :  29'5  grains  of  protohydrate  of  acetic 

9 
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add,  equivalent  to  25  grains  of  the  pure  add, 

were  saturated  witli  bicarbonate  of"  potash.  The 
quaatity  necessary  for  the  purpose  was  ^2*74 
grains,  whidi  1  knew,  by  a  previous  analysis,  to 
contain  exactly  i24  grains  of  potash.  Thus  I 
obtained  a  solution  o£  acetate  of  potash  in  water ; 
and  I  knew  the  exact  weight  of  the  acetic  add, 
and  of  the  potash  constituting  the  salt.  The  so- 
lution was  placed  in  a  small  wedgewood  dish 
under  the  exhausted  receiver  of  an  air  pump,  a 
few  inches  above  a  glass  tray,  containing  concen- 
trated sulphuric  acid.  ^  In  a  few  days  the  whole 
water  had  evaporated,  and  left  the  dry  salt,  partly 
in  a  state  of  crystals,  and  partly  in  that  of  a  dry 
white  crust,  which  had  probably  lost  a  httle  of  its 
water  of  crystallization.  Its  weight  was  57*S6 
giaius    and  it  was  obviously  composed  of 

Acetic  acid  .  95 

Potash         ,      • .  24 
Water        .      .  8-26 

57-26 

If  we  divide  each  of  these  numbers  by  4»  we 

shall  obtain  the  atomic  weights  of  the  constitu- 
ents as  follows : 

Actttcaeid  (Hes  or  1  atoni, 
PotAsh      .6       •    1  atom^ 

■ 

Water  2'Ofi    •    2  atoms. 

■ 

Tliere  is  a  slight  deficiency  in  the  water,  which 

R  2 
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I  ascribe  to  the  portion  of  the  salt,  wliich  liad 
been  reduced  to  a  white  crust 
Binacaate^  12,  Binacctate  of  poUsli.  This  salt  was  ob- 
tained by  dissolving  carbonate  of  potash  in  acetic 
acid,  in  the  proportion  of  one  integrant  partide 
of  the  I'ormer  to  two  integrant  particles  of'  the 
latter»  and  concentrating  the  solution  over  sul- 
phuric cicid,  under  the  exhausted  receiver  of  an 
air  pump.  The  buiacetate  crystallized  to  the 
very  last  drop  in  large  transparent  flat  plates,  so 
irregular,  that  their  form  could  not  be  deterniiii- 
ed,  though  they  were  probably  four-sided  prisms. 
These  crystals  had  a  sour  taste,  reddened  vege- 
table blues,  and  deliquesced  rapidly  when  ex- 
posed to  the  air. 

grains  of  these  crystals,  when  cautiously 
heated  on  the  sand  bath,  lost  675  grains  of  their 
weighty  consisting  of  pure  water;  and  when 
heated  to  redness  in  a  platinum  crucible^  left 
grains  of  carbonate  of  potash,  equivalent  to 
6  grains  of  potash.  Hence,  the  constituents  of 
the  salt  are 

2  atoms  acetic  acid  12*5 
]  atom  poUsh       •  6 
6  atoms  water  6*75 

£5-25 

B&aoaxa,      18.  Benzoate  of  potash.    This  salt  was  ob- 
tained by  digesting  benzoic  acid  and  carbonate 
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of  potash  (in  the  proportion  of  16  parts  acid  and 
875  carbonate  of  potash)  in  mter,  and  concen« 
trating  the  solution.  The  crystals  obtained  were 
large,  transparent  flat  ibui*-«ided  rectangular 
right  prisms,  terminated  by  rectangular  bases ; 
the  lustre  silky  ;  the  crystals  not  altered  by  ex- 
posure to  tlie  air ;  taste,  a  peculiar  and  not  un« 
pleasant  sweet  grains  of  these  crystals, 

when  burnt  in  an  open  crucible,  left  very  nearly 
87J  grains  of  carbonate  of  potash.  Hence,  the 
constituents  of  the  salt  are 

1  atom  liensoic  add  15 
1  atom  potash  6 
3  atoms  water  3*$75 


S4-S75 

H.  Oxalate  oi  potash.  This  well  known  salt, 
which  crystallizes  in  four-sided  obHque  prisms, 
is  composed  of 

1  atxMn  oxalic  acid  4-5 
1  atom  potash  6 
1  atom  water  1*1  S5 


11-625 

15,  Binoxalate  of  potash.    This  salt  crystal- BinoxaiMcv 
Uzes  in  rhombs,  only  slightly  oblique,  aud  tliere- 
Ibre  approaching  the  form  of  cubes.    Its  couisti- 
tuents  are 

R3 
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2  atoms  oxalic  acid  9 

1  atom  putasli  ,  6 

2  atoms  water         .  2*25 

Q^^<i<^    16.  Quadroxalate  of  potaab.   This  sal^  for 

the  first  knowledge  of  which  we  are  indebted  to 
Dr.  Woliaston,  crystallizes  in  octahedroQ8»  tl|e 
apexes  of  which  are  geneniUy  deeply  truncated. 

It  is  composed  of  tlie  following  constituents ; 

4  atoms  oxalic  acid  IS 
1  atom  potash        •  ^ 

7  atoms  waler  7*S75 

31-875 

T«onhi4v    1  once  obtained  another  oxalate  of  potash, 

consisting  of  long  prisms,  which  c  lHoresced  when 
exposed  to  the  air.  I  found  the  constituents  of 
this  salt  in  its  effloresced  state 

5  atonifl  oxalic  acid*  tS'B 

1  atom  ])ot;ish        .  6 
()  atoms  water        •  6*75 

2625 

But,  as  this  analysis  was  only  made  once>  and 
^)on  a  small  scales  I      no  great  stress  upon  it 

I  mention  the  cucumstance  to  ppt  others  ou 
their  guard  respecting  the  existence,  of  a  iburth 

*  The  anal^  gave  Sjtli  atoms. 
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oxalate  of  potash,  if  they  should  imppen  to  meet  • 
with  these  efflorescii^  ciystals  in  any  of  their 
experiments* 

17*  Tartrate  of  potash.    This  salt  may  be  ob-  Tartrate 
iaine^i  in  large  four-sided  prisms,  with  ba^es, 
which  are  rhombs,  with  angles  of  about  93""  and 
87^.    I  have  obtained  it  in  very  large  crystals, 
not  less  than  an  inch  in  diameter.  * 

To  determine  the  quantity  of  potash  which  it 
contains,  I  exposed  16*5  grains  of  it  to  a  heat 
gradually  raised  to  redness,  and  kept  up  tibie  red 
heat  in  an  open  platinum  crucible  till  tiie  tartaric' 
acid  was  completely  desti'oyed«  .  Water  wa^i 
poured  into  the  crucible,  and  9  grains  of  crys^ 
tals  of  oxalic  acid  being  added,  the  crucible  was 
covered  with  a  piece  ot  glass*  After  tiie  eifer- 
yesc^nce  was  at  an  end,  the  solution  was  gently 
evaporated  to  dryness,  and  the  dry  salt  redissolv- 
ed  in  water.  This  solution  was  perfectly, neu- 
tral,  for  it  neither  altered  the  colour  of  litmus 
nor  cudbear  paper  j  but  9  grains  of  crystals  of 
oxalic  acid  contain  just  4*5  grains  of  true  acid, 
equivalent  to  an  atom.  Hence,  16*5  grains  of 
tartrate  of  potash  contain  just  6  grains  ot  pot- 
ash,  equivalent  to  an  atom.  This  potash  must 
be  combined  with  an  atom  of  tartaric  acid,  equi- 
valent to  8'^  grains.  The  remaining  £•25 
grains,  necessary  to  make  up  the  wei^t  of  tar- 
trate of  potash  employed,  must  be  water,  and  is 

114 
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obviously  equivalent  to  $  atoms.   TIhis  we  see 

tlial  the  crystals  of  this  salt  are  composed  of 

1  atom  tarttfic  odd  B'iS 

1  atom  potssh  6 

2  atoms  water        .  ^'25 

...  46*6 

The  crystals  used  in  the  preceding  txpeiiment 
were  large  and  transparent,  and  had  been  pre^ 
pared  with  gi  eat  care.  I  Have  had  in  my  posses- 
sion crystals  of  this  salt  in  needles*  whicli  seemed 
to  contain  no  water  of  crystallization ;  for,  14*£5 
grains  of  them,  being  dissolved  in  water,  and 
mixed  with  a  solution  of  20*7^  grains  of  nitrate 
of  lead ;  die  liquid*  being  examined  after  the  de» 
position  of  the  tartrate  of  lead,  was  found  to 
contain  no  sensible  quantity  of  tartaric  acid,  or 
of  oxide  of  lead,  by  the  tests  of  tartrate  of  potash 

and  nitrate  of  lead.  * 
mtartnte^  18.  Bltartratc  of  potash.  This  salt  is  seldom 
or  never  quite  firee  from  tartrate  of  lime.  £4^5 
grains  of  it  were  exposed  to  a  red  lieat  in  a  pla- 
tinum crucible ;  and  the  residue,  being  dissolved 
in  water,  and  mixed  with  9  grmns  of  cr3^ta(lKze<l 
oxalic  acid,  was  found  to  be  quite  neutral. 
Hence,  it  is  obvious  that  the  constituents  of  this 
salt  are 

2  atoms  tartaric  acid  l6'5 

1  atom  potash        .  ^ 

2  atoms  water       .  2*25 

21-75 
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If  the  salte  of  potash  exhibited  above  be  suA- 

ciently  numerous  to  entitle  us  to  draw  any  con* 
diuioDs,  we  may  infer  that  these  salts  are  either 
anhydrous,  or  contain  1,  or  at  most  %  atoms  of 
water,  Quadroxalate  of  potash  and  sesquicar- 
bcKiate  constitute  the  only  deviations  from  this 
law;  and  from  their  singular  nature,  we  had 
reason  to  look  for  some  peculiarity  in  theii*  con« 
stitution. 

3.  SALTS  OF  SODA. 

1.  Sulphate  of  soda.   This  well  known  saltsuipb^ 

crystallizes  commonly  in  flat  fonr-sided  prisms, 
liic  faces  of  which  are  chanueiied  longitudinally. 
It  effloresces  very  speedily  when  exposed  to  the 

air;  and  loses  all  its  water  of  crystallization  in 
^4f  hours,  when  conhned  iu  the  exhausted  receiv- 
er of  an  air  pump,  with  sulphuric  acid.  Its  con« 
stituents  are 

1  atom  sulphuric  acid  5 
1  atuiii  bOila  •  4 

10  atoms  water       .  11*25 

20-25 

■ 

There  is  usually  a  minute  quantity  of  water 
lodged  mechanically  between  the  plates  of  the 
cry  staJs.  This,  in  an  integrant  particle  of  the 
salty  may  amount  at  a  maximum  to  0*03  parts» 

which  constitutes  about  AtMi  part  of  tiie  whole 
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\rater  in  the  salt.   It  amounts  to  only  ^r?  th  of 

an  atom,  bliovviiif;  clearly  that  it  is  not  clierai- 
cally  combined  with  the  salt. 
Miii«i«^  Nitrate  of  soda.   This  salt*  which  crystal* 

lizes  in  riiombs,  resembles  nitrate 'of  potash  in 
the  absence  of  water  of  crystaiiiaation,  and  the 
presence  of  a  small  quantity  of  that  liquid  lodgfed 
meclianicaily  between  the  plates  of  the  crystak* 
Its  constituents  are 

]  atom  nitric  acid    •  6*7$ 
1  atom  soda  .  4 

1075 

Carixnate,  3*  Carbonate  of  soda.  This  salt  is  &niitiariy 
known  in  this  countiy,  being  manufactured  to  a 
considerable  extent.  It  may  be  met  witii  m 
commerce  in  beautiful  crystals,  seven  or  eight 

inches  long  ;  but  I  have  never  got  it  in  a  state 
ot  complete  purity.  It  usually  contains  about 
^  per  cent,  of  sulphate  of  soda ;  and  it  is  ex- 
ceedingly difficult  to  get  rid  of  this  imj)urity. 
Alter  12  careful  crystallizations  of  it  in  my  la- 
boratory, we  still  could  detect  the  presence  of 
sulphuric  nciti  in  the  crystals,  thougli  in  too  mi- 
nute quantity  to  appreciate  its  weight.  The 
constituents  of  this  salt,  when  crystallized  in  oc- 
tahedrons, with  a  rhombic  base,  the  apices  of 
which  are  always  deeply  truncatedt  are  as  fol- 
lows: 
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I  ttcmi  fsrbonio  add 

J  iitom  ^(kI;i  , 

10  atoms  water 


11*25 


2-75 
4 


18 


Wfaea  the  sidt  i»  crystallized  in  hot  water,  the 
8harpe  of  the  crystab  is  dii&rent;  and  the  qi^m- 

tity  of  water  of  crystallization  is  less.  . 

4*  Seaquicarbonate  of  soda*  This  salt  is  found  sesquicar« 
native  in  Barbaiy,  where  it  is  known  by  the**™^' 
name  of  trona.  It  constitutes  hard  masses,  whicli 
do  not  deliquesce  in  the  air ;  and  is  said  to  be 
employed  in  tlic  north  of  Africa,  where  rain  sel- 
dom iaiis»  tor  building  the  walls  of  houses.  It 
is  manufactured  in  London,  for  the  use  of  the 
soda-water  makers  j  an c I  is  sold  ia  the  state  of  a 
white  powder.  I  have  tried  to  crystallize  it, 
without  success.  Its  constituents  are  as  fol- 
lows : 


This  constitution  was  first  pointed  out  by  Mr* 
Phillips. 

6»  Bicarbonate  oi  soda.    This  salt  was  made  Bic^bo- 
and  analyzed  many  years  ago  by  Rose,  and  af- 
terwards  b}'  BerthoUet.    I  tried  to  form  it  in  a 
Nooth's  apparatus— the  crystallization  of  the  salt 


1^  atom  carbonic  acid  4*125 


1  atom  ^u(la  .  4 

2  atoms  water        .  2*25 


10-375 
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Speedily  pluc^cccd  !ip  the  tubes,  and  prevented 
the  process  £wm  succeeding.  I  tlieu  suspended 
a  concentrated  solution  of  carboniate  of  soda  in 
a  distiller's  fermenting  tun,  till  the  bicarbonate 
was  deposited  in  crystals.  This  process  is  easy, 
bacanse  flie  bicarbonate  of  soda  is  much  less 
soluble  in  water  than  the  carbonate.  The  colour 
of  this  salt  is  white,  and  the  ciystak  are  semi- 
transparent,  and  not  altered  by  exposure  to  the 
an*.  They  have  the  shape  of  four-sided  rectan- 
gular prisms,  terminated  by  an  oblique  rectangu- 
larbase;  but  were  not  susceptible  of  accurate 
measurement.  The  taste  is  alkaline,  but  ex- 
ceedingly weak,^  even  when  compared  with  the 
taste  of  caibonatc  of  socln.  This  salt  gives  a 
purple  colour  to  cudbear  paper,  in  the  same 
manner  as  common  carbonate  of  soda.  At  the 
temperature  of  (>4°,  100  parts  of  water  dissolve 
9'dd  parts  of  this  salt.  The  solution  cannot 
be  heated,  far  less  concentrated,  without  driv- 
ing off  a  portion  of  the  acid,  and  converting 
the  salt  first  into  sesquicarbonate,  and  finally  in- 
to common  carbonate  of  soda. 

When  10*625  grains  of  this  salt  in  crystals  are 
fused  in  a  platinum  crucible,  they  lose  3'875 
grains  of  their  weight,  and  leave  a  residue  of  an- 
hydrous carbonate  of  soda,  weighing  675  grains. 
106-^  grains  of  the  crystals  dissolved  in  dilute 
sulphuric  acid  witli  a  very  violent  effervescence ; 
and  the  loss  of  weight,  owing  to  the  escape  oi 
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carbonic  acid  gas,  amounted  to  39  grains.  This  ' 
loss  is  raliicr  too  high.  The  reason  was,  tliat 
tiic  cfiervescence  was  so  violent,  that  a  little 
of  the  liquid  was  dissipated  in  drops  before  I 
was  able  to  prevent  it  ^  but  the  followiug  ex- 
perimentt  in  conjunction  witli  the  two  .preoedii^ 
ones,  leaves  no  -doubt  respecting  its  constituents : 
10*6^  grains  of  the  crystals  were  put  into  a  glass 
jar,  vater  was.  poured  over  thenii  and  9  grains 
of  crystals  of  oxalic  acid  added  to  the  liquid 
After  the  efiervescence  was  at  an  end,  the  liquid 
was  heated  to  drive  off  the  whole  of  the  cai*bonic 
acid  gas.  It  was  then  examined,  and  found  per- 
fectly neutral ;  for  it  did  not  in  the  least  alter 
the  colour  of  cudbear     litmus  paper. 

From  this  last  experiment  wc  see  that  10*6^ 
grains  of  the  crystals  contain  4  grains  of  soda* 
Fiom  the  first  experiment  it  appears  that,  after 
fusion,  these  4  t»Tains  ot  soda  still  retained  2*75 
grains  (equivalent  to  1  atom)  of  carbonic  acid* 
Now,  2*75  x^»m5*5 ;  and,  by  the  second  ex- 
perinicjit,  the  carbouic  acid  in  10'625  grains  of 
the  crystals  was  5*9  grains.  This  exceeds  5*5 
a 'little,  for  the  reason  already  specified.  Thus 
the  constituents  of  the  salt  are 

2  atoms  carbonic  acid  5*5 
1  atom  soda      .      .  4 
]  atom  water     .      .  1*1^5 
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Bonis,  *  6.  Borax.  This  well  kuown  salt  has  been  loog 
in  the  hands  of  cheini8ts»  and  subjected  to  many 
analvtical  experiments  ;  but  our  processes  for 
separating  the  boracic  acid  trom  tbe  soda  are  so 
imperfect,  that  it  was  not  till  after  perusing  Mr. 
Aiiwedsun's  new  process  for  analyzing  the  bo- 
rates, that  I  was  able  to  perfoi^m  a  satisfactorjr 
analysis*  I  have  shown  in  a  preceding  part  of 
tliis  work«  that  borax  is^  in  reality,  a  biborate  of 
soda,  composed  of 

S  atoms  bomclc  add  6 

i  .itom  soda  .        .  4 

8  atoms  water       .       .  9 

19 

PhoipiMsc^    7.  Phosphate  of  toda.   This  salt,  which  is  the 

best  known  of  all  tiie  phosphates,  is  much  more 
soluble  in  hot  than  in  cold  water ;  and,  there* 

fore,  is  easily  obtained  in  regular  crystals.  The 
primary  ibnn  of  the  crystal  is  an  obhque  prism 
with  a  rhombic  base.  The  inclinationa  cf  the 
faces  of"  the  ])risni  to  each  other  arc,  according  to 
Mitcherlich's  measurement,  67"  50",  and  111^  ICT* 
It  effloresces  very  speedily  when  exposed  to  the 
air  ;  and,  on  that  account,  the  water  of  crystal- 
lization is  not  easily  determined.  Tbe  taste  of 
this  salt  is  saline,  and  not  strong.  It  melts  rea- 
dily when  heated  ;  and  even  the  anhydrous  ^aii 
easily  fuses  in  a  red  beat. 
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I  made  iise  of  this  salt*  wliicb  is  perfiactly  neu*  * 

tral,  to  determine  the  aloiiiic  weight  of  phospho- 
ric acid.  After  analyzing  it  in  the  way  described 
in  a  preceding  part  of  this  work«  I  formed  it  by 
dissolving  in  water  35  grains  of  pure  phosphoric 
acid>  and  adding  to  tiie  solution  1 80  grains  ot 
ciystallized  carbonate  of  soda.  The  solution, 
after  tliis  aJiiition,  was  perfectly  neutral,  and 
yielded  phosphate  of  soda  to  the  very  last  drop. 
Now,  86  grains  of  phosphoric  acid  represent  10 
atoms,  and  180  grains  of  cr^^^sitaUized  carbonate  oi 
soda  contain  40  grains  of  soda,  equivalent  to  10 
atoms.  This  experiment  proves  decisively,  that 
tlie  atom  oi  phosphoric  acid  weighs  3*5,  and  that 
phosphate  of  soda  is  composed  of  an  atom  of 
acid  united  to  an  atom  of  base.  The  water  of 
crystallization  was  determined  by  exposing  the 
salt  to  a  red  heat  I  have  already  stated^  that 
when  the  salt  is  quite  free  from  efflorescence  the 
water  amounts  to  1^  atoms,  for  21  grains  of  the 
sak  Ipse  l&'S  grains  of  water.  But  I  have  fre- 
quently /bund  the  water  less  than  this,  obviously 
from  an  incipient  efflorescence.  In  some  of  my 
earlier  experiments  it  amounted  only  to  11 
atoms;  but  in  my  later  experiments  in  which  I 
was  at  the  requisite  pains  to  prevent  efflores- 
€ence»  the  water  was  always  IS  atoms.  The  con<* 
stituents  of  the  salt  are 
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I  atom  |ilioq[>horjc  add  3' 
1  atan  aoda  4 
12  atoms  water  18*5 

81-0 

S.  Biphospbate  of  soda.  I  formed  this  salt 
by  mixing  together  solotions  of  f^lO  grains  of 
phosphate  of  soda  and  78*75  grains  of  phosphate 
of  ammonia*  The  solution  was  evapotated  to 
dryness,  and  the  dry  mass  exposed  to  a  red  heat 
to  drive  off  the  whole  of  the  ammonia.  By  this 
process  it  is  obvious,  that  the  salt  contained  jmt 
^  atoms  of  pliosplioiic  acid  united  to  1  atom  of 
soda«  The  salt  is  very  diiticult  to  crystallise; 
it  usually  concretes  into  a  thick  mass  when  eva« 
porn  ted  ;  it  is  only  by  spontaneous  cvapoiaLion 
tliat  crystals  can  be  got,  and  the  quantity  must 
be  considerable  otherwise  no  crystals  can  be  pro* 
cured.  I  did  not  succeed  in  procuring  crystals 
in  the  vacuum  of  the  air  pump. 

This  salt  has  an  acid  and  saKne  taste,  reddens 
vegetable  blues,  and  is  usually  crystallized  iu 
four-sided  prisms  terminated  by  four-sided  pjm- 
mids.  The  inclinations  of  the  faces  of  the  prisms 
are  to  each  other,  according  to  Mitcheriich's 
measurement,  7^''  30"  and  101''  S(y.  Ue  considers 
the  prhnary  form  to  be  a  rectangular  octahe* 
dron. 

From  the  method  of  forming  this  salt,  it  is  ob* 
vious  that  its  constituents  are  S  atoms  of  add 
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and  1  atom  of  base.  1 85^  parts  of  the  salt,  when 

heated  to  redness,  lose,  according  to  Mitcher- 
iich,  35*5  parts  oi  water  j  this  is  equivalent  to 
atoms.   Hence,  the  constituents  of  the  salt 

are 

2  atoms  phosphoric  add  7 

1  atom  soilu        .       •  4 

3^  atoms  water  .  3-9'>75 

It  remains  to  be  seen  whetiier  tlic  iialf  atom  oi' 
water  be  not  mechanicaUy  lodged  between  the 

plates  of  the  crystals. 

9.  Aisemate  of  soda.  This  salt  is  obtained 
with  great  ease  in  large  crystals  $  because  it  is 
much  more  soluble  in  hot  than  in  cold  water. 
Mitcherhch  has  shown  that  the  crystals  have  the 
same  fbim  as  those  of  phosphate  of  soda :  when 
exposed  to  the  air  the  salt  speedily  efibrvesccs  on 
the  surfaces,  but  does  not  fall  to  powder  ^  when 
heated  it  undergoes  the  watery  fusion.  100 
parts  ot  water  at  dissolve  22'268  parts  oi'  tliis 
salt 

I  obtained  this  salt  by  mixing  solutions  of 
7*7^  parts  of  arsenic  acid  and  18  of  crystallized 
carbonate  of  soda^  The  salt  formed  was  neutral, 
and  the  liquid  yielded  crystals  to  the  very  last 
drop.  20*7^  grains  of  the  crystals,  when  heated, 
lose  9  grains  of  water,  equivalent  to  8  atoms. 
Hence,  the  constituents  ol'tlic  salt  arc  obviously 

Vol.  U.  S 
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1  wtam  anenic  acid 
1  atom  soda 
8  atoma  water 


7-76 
4 

9 


fiinanc.  xo.  fiuiarseiuate  of  soda.  I  formed  this  salt 
hy  adding  to  a  solution  of  £0*7^  parts  of  aneiu- 
ate  of  8oda»  775  parts  of  arsenic  add.  The  so- 
lution does  not  crystallize  readily  j  but  by  per- 
severance I  obtained  crystals  of  the  bisalt  to  the 
very  last  drop. 

This  salty  as  Mitcherlich  has  shown,  has  the 
same  form  with  biphosphate  of  soda.  The  crys- 
tals redden  vegetable  blues,  and  do  not  undergo 
any  visible  change  from  several  weeks'  exposure 
to  the  air  $  they  are  exceedingly  soluble  in  water; 
\\\\vn  heated,  they  do  not,  like  arseniate  of  soda, 
undergo  tlie  watery  fusion.  25'125  grains  of 
these  crystals  were  exposed  to  a  heat  slowly 
laisetl  to  redness  :  the  salt  fused  into  a  white 
enamel,  and  lost  grains  of  its  weight.  It 
is  obvious  from  this,  and  from  the  method  of  pre- 
paring it,  tiiat  the  constituents  of  the  salt  are 


2  atoms  arsenic  acid 
1  atom  8oda 
S  atoms  water 


lS-5 
4 

5-625 
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11.  Cliromate  of  soda.     This  is  a  beautiful  Chmnit^. 
transparent  yellow  sait»  one  of  the  finest  of  the 
chromates.   Its  crystaSs  are  four-sided  tran^pa- 

rent  prisms,  with  square  bases — sometimes  octa- 
hedrons, usually  elongated.  It  does  not  seem 
to  undergo  any  alteration  by  exposure  to  the  air, 
but  melts  when  exposed  to  a  very  moderate  lieat. 
Its  constituents  are  as  ibllows : 

1  atom  chrcnuic  acid  6*5 
1  atom  soda     .       .  4 
IS  atoms  water  13*5 


24 

12.  The  bichromate  is  a  very  dark  red  saltBiAro. 
with  a  shade  of  brovm ;  it  crystallizes  in  hrg^  ir- 
r^lar  plates,  seemingly  rhombic.   I  have  not 

yet  succeeded  in  getting Jt  quite  free  from  chio- 
mate,  for  the  solubility  of  both  salts  is  nearly  the 
same. 

13.  Tungstate  of  soda.  I  have  obtained  this  Xungsute, 
salt  both  in  six-sided  prisms,  apparently  regular, 

and  in  four-sided  oblique  prisms.  Its  taste  is 
intensely  bitter.  Its  constituents  are  as  fbl* 
lows: 

tv»s  not  awara  at  Hw  Ume,  Oiat  ncite  Ilia  quantity  of  anciilc  add  nor 
idKMpborie  add  cm  be  aoeuiald|j  drtrrmmrd  bjr  prcdpitatloii.  Tba  ma- 
chod  of  ddffiBining  time  nlti^  whida  I  tanpe  pian  in  the  text,  yrm  by 
i/Ulbiiii  a  mediod  ainoeptible  of  the  nxMt  petftct  accuracy,  if  ibe  fO- 
qoMbt  care  be  lakan  to  onplogr  tfie  constitucnH  in  a  ilaie  of  fniiffy. 

S8 
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]  atom  timgsUc  acid  18*75 
]  atom  soda  4 
6  atoma  water  6*75 

(XAmeimtB,    14.  Columbate  of  soda.   The  appearance  and 

properties  of  this  salt  have  been  described  in  Vol. 
IL  p«  78.  of  this  work*  Its  constituents  are  as 
follows : 

1  Atom  col  limbic  acid  19 
1  atoDi  soda        •  4 
10  atoms  water    .  11-25 

Ao«Mcs»  Acetate  of  soda.   This  salt  is  the  best 

known  of  all  the  alkaline  acetates.  It  is  not  al- 
tered  by  exposure  to  the  air,  and  is  capable  of 
bearing  a  higher  temperature  without  decom- 
position than  any  of  the  other  acetates  which  I 
have  examined.  The  constituents  of  this  salt 
are  as  follows : 

1  oicni  MSticflDid  6*8S 
1  8tani  soda  4 

6  atoms  water  6*75 

17 

SttociiMi»,     16.  Succinate  of  soda.   This  salt  crystallises 
IB  fouMided  prismSi  and  its  constituents  are  as 

follows : 
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1  atom  meAne  mid  &ft5 

1  atom  soda  4 

i>  atoiQ9  water  6*75 


17 

SO  tliaJt  it  resembles  the  aceM^  of  soda  exactly 
in  its  coiutiftutioiu 

17.  Oxalate  of  soda.    I  hav  e  never  been  able  Oxaktc, 
to  obtain  this  salt  in  i^guUx  crystals*   It  usually 
forms  white  opaque  crusts;  once  I  got  it  in 
small  round  globules  rather  beaiUilul,  and  pro- 
bably  composed  ot  sauUi  pn«ii8  diverging  from 

a  centre ;  it  contains  no  water  of  ciystalliza^ 
tion ;  but  the  integrant  particle  of  the  salt,  dried 
in  the  open  air»  usually  contains  about  ith  of  an 
atom  of  water,  Ipdged  mechanically  between  the 
fibres  of  the  mass.  Its  constituents  (when  tliis 
water  is  driven  off  by  a  moderate  heat)  are 

1  atom  oxalic  add  4*5 
1  atom  toda  4r 

S*5 

18.  Binoxalate  of  soda.   This  salt  is  easily  Knoiabte^ 

ibrmed  by  digesting  a  solution  of  9  parts  of  oxaUc 
add  ciystals  on  parts  pf  oxalate  of  soda*  A 
complete  solution  takes  place^  and  when  the  so- 
lution is  concantiated  it  readily  deposites  fine 
crystals  of  binozaUte  of  soda,  which  have  the 
form  of  flat  rectangular  prisms,  the  larger  faces 
of  which  consist  of  rhomboids  with  angles  of 

S3 
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neariy  1^  and  6a^-^not  aHerad  by  exposure  to 

the  air — ^taste  very  sour,  and  it  reddens  vegeta- 
ble blues  powerfully.  At  the  temperalure  or 
4£f*f  100  parts  of  water  dissolve  1*88  of  these 
crystals.  At  the  temperature  of  88",  the  quantity 
of  crystals  dissolved  by  100  water  is  8-49 — spe- 
cific gravity  of  the  crystals  ]  •980.  16*87^  grains 
of  these  crystals,  heated  on  the  sand  bath,  lost 
3'37d  grains  of  weight  hence,  the  constituents 
are 

■»  ♦ 

a  atoms  oxalic  acid  g 
1  atom  floda  .  4 
$  atoms  water  3-373 

16-375 

Tartrate,  ^g.  Tartrate  of  soda.  Tliis  salt  crystallizes 
in  fine  needles  having  considerable  lustre.  Its 
constituents  are 

I  atom  tartaric  add  8-25 

1  atom  soda  4 

2  atoms  water  2-25 


14-5 

To  a  solution  ol  this  salt  in  water,  we  added  the 
requisite  quantity  of  tartaric  acid  to  convert  the 
Mrhole  into  a  bitartrate»  in  order  to  verify  The- 
nard's  statement,  that  there  exists  a  bitartrate  of 
soda  nearly  as  insoluble  as  bitartrate  of  potash;* 

■*  Ann.  dc  ChitiL  XXVXIL  W  ' 
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but  we  could  mt  succeed  in  obtaining  any  such 
salt. 

Sadactate  of  soda.   Tlus  salt  has  beeafiKMMf^ 
noticed  in  a  preceding  cluster.  Its  oonstitiiinits 
are 

1  Atom  lactic  add  IS 
1  atom  aoda  4 
5  atoms  water  S«^5 

28*625 

21.  Urate  of  soda.  This  salt  was  formed  by 
digesting  together  uric  acid,  and  a  solution  of 
the  carbonate  of  soda  in  the  requisite  propor* 
tions.  The  whole  acid  dissolved  in  the  hot  li- 
quid, but  afterwards  precipitated  whejQ  the  so* 
lution  was  set  aside ;  it  was  dried  in  the  open 
air.  This  salt  is  a  white  tasteless  powder,  not 
sensibly  soluble  in  water.   Its  constituents  are 

1  atom  uric  add'  9 
1  atom  aoda  4 

1  atom  water  1*125 


14*125 

The  salts  of  soda,  in  general,  present  astriking 
contrast  to  those  of  potash :  only  two  of  them 
9xe  anhydrous — the  nitrate^  and .  oxalate^  >  the 
ursfte  contains  only  I  atom  of  water,  and  iht 
sesquicarbonate  and  tartrate  only  9;  all  the 
rest  coataiu  5, 6,  S,  10,  or  1^  .^toms  of  water. 

S4 


QSO  SALTS 

No  othci  «Acnus  of  salts,  except  tliosc  of  soda, 
coutaias  12  atoms  of  water. 


4*  SALTS  OF  BAaYX£S» 


suipbatc^  1.  Sulphate  of  barytes.  This  well  knowu 
salt  contains  no  water  of.QiystaUizatioii ;  though 
the  native  crystals  decrepitate^  and  probably, 
therefore,  contain  a  little  water  mechanically 
lodged  between  tbeir  plates.  I  find  that  pceci« 
pitated  sulphate  of  barytes^  if  it  be  well  washed, 
and  thoroughly  dried  by  exposure  to  the  air  for 
a  sufficient  time^  retains  about  3  per  cent,  of 
water,  which  is  easily  driven  off  by  exposing  the 
powder  to  a  red  heat  iii  a  platinum  crucible. 
-  This  amounts  to  rather  more  than  the  third  of 
an  atom  of  water  which  is  only  mechanically 
lodged  in  the  pores  of  the  powder^  and  not 
chemically  combined  mth  it  The  constituents 
of  the  salt  are 

1  atom  ^^ulphuric  acid  5 
1  atom  barytes  9'73 

14*75 

Niuau,  Nitrate  of  barytes.    This  salt  usually  crys- 

tallizes in  octahedrons ;  it  is  mi  alteied  by  ex* 

posnre  to  the  air  ;  it  is  apt  to  be  coutaminaletl 
with  muiiate  oi  baiytes,  and  then  coaUiiiis 
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water ;  but  tlie  pure  nitrate  of  bary tes  is  auhy- 
drous,  being  composed  of 

1  atom  nitric  acid  6*75 
1  atom  barytes  9*75 

16-5 

From  tlie  analyses  of  this  salt  by  Kirwan,  and 
Fouicn>7t  and  Vauqueluu  aad  iiIbo  from  the 
method  which  Dr.  Forch hammer  took  to  obtain 
manganesic  acid — namely,  heating  black  oxide 
of  manganese  and  nitrate  of  barytes,  (the  success 

of  which,  he  says,  depends  upon  not  diiving  ofl' 
tlie  water  of  crystallization  of  the  salt)—- there  is 
reason  to  suspect  that  nitrate  of  baiytes  some- 

tunes  contains  water  of  crystal  I  i /Lit ion  ;  but  1 
have  never  myself  seen  the  salt  in  tliat  state. 

3*  Carbonate  of  barytes.  This  salt  is  also  ortmiateb 
well  known.    It  is  auiiydrous,  and  coaippticd  of 

1  atom  carbonic  acid  2 '7 5 

1  atom  barytes  9'75 

-  t 

4.  Piiosphate  of  barytes.  This  is  a  tasteless 
white  powder,  insoluble  in  water,  and  theretbre 
not  capable  of  being  obtained  in  the  state  of 
crystals.   Jt  is  anhydrous,  and  composed  of 

1  atom  pliu:»piioric  acid  3*5 
1  atom  barytes  9*75 
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Bipbot.  5.  JBipho^hate  of  baryte&  Thin  salt,  fint 
noticed  by  Berzelius,  crystallizes  in  four-sided 
rectangular  p^sms  with  square  bases.  I  have 
not  analyzed  it ;  but  from  the  experiments  of 

BerzeliuSa  I  consider  it  as  a  compound  of 

2  atoms  phosphoric  add  7 
1  atom  barytes     •       .  9'75 
S  ttam  water  8*95 

19 

cfaramnii^     6.  Chromate  of  boxytes.   Ttus  is  a  pale  yd- 

low  powder,  without  either  beauty  or  intensity 
of  colour.   It  is  tasteless  and  anhydrous,  and  is 

composed  of 

1  atom  chromic  acid  6*5 
I  atom  barytes  9*75 

16-25 

1  have  not  made  any  attempts  to  prepare  a  bi- 
chromate ofbarylcs. 

h2SE«£ib      ^*  '^'^^^^^^^^^^       baiytes.     This  is  a 
tasteless  white  powder,  composed  of 

1^  atom  columbic  acid  28*5 
1  atom  barytes  9*75 

8SSt5 

AcdMa,      s.  Acetate  of  baiytes.   This  salt  usually  ciys- 
tallizes  in  long  needles»  so  very  slender  that  it 
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b  dilBfeult  to  make  out  the  form.  Its  constitu- 
ents are 

1  atom  acetic  acid  6'25 
1  atom  barytes  9*75 
3  atoms  water  '  3*375 


It  is  not  sensibly  altered  by  exposure  to  the  air» 
at  least  in  my  laboratory  which  is  rather  damp. 

9.  Oxalate  of  barytes  is  a  white  tasteless  pow- oxalate, 
der,  obtained  when  oxalate  of  ammonia  and  ni- 
trate or  muriate  of  barytes  are  mixed  in  the  ato- 
mic proportious.  It  is  not  sensibly  soluble  in 
water,  and  does  not  affect  vegetable  blues.  When 
17*6^  grains  of  it  are  exposed  to  a  red  heat  in 
a  platinum  crucible,  there  remain  1^*5  grains  of 
carbonate  of  barytes,  equivalent  to  9*7^  grains 
of  barytes.  Hencei  the  constituents  of  tlie  salt 
are 

1  atom  oxalic  acid       -^  5 
1  atom  barytes  9*75 
3  atoma  water  3*375 


17*625 


10.  Binoxalate  of  barytes  was  formed  by  de*  p^ty^Hn^j 
composing  the  muriate  (rf*  barytes,  and  digesting 
the  precipitate  with  twice  the  atomic  quantity  of 
oxalic  acid  requisite  to  saturate  the  base.  It 
crystallizes  in  needles  so  irregular  that  theu: 
shape  could  not  be  deteniuned    it  has  but  little 
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taste,  is  very  sparingly  soluble  in  wsfter,  but 

strongly  reddens  vegetable  blues.  ^•l^J  grains 
of  this  salt  when  heated  to  redness  in  a  platinum 
crudble,  left  1^*5  grains  of  carbonate  of  baiyte 
Hence,  the  constituents  are 

0  atoms  oialiG  add  9 

1  atom  baiytet  9*75 
3  atoms  water  3*375 

39-185 

Tarirau,  11.  Tartrate  of  barytes  forms  irregular  cr)'s. 
talline  grains  ^  it  is  tasteless,  and  does  not  alter 
the  colour  of  vegetable  bines.  It  loses  no  veigfat 
unless  it  be  exposed  to  a  heat  sufficiently  high 
to  decompose  tlie  acid.  18  grains  oi'  the  salt  in 
powder,  kept  in  a  red  heat  till  it  had  becoiae 
white,  were  reduced  to  1^*5  grains,  which  were 
carbonate  of  barytes.  Hence,  the  salt  is  anhjr- 
drous,  and  composed  of 

1  atom  tartaric  acid  3*2$ 
1  atom  barjrtea  9*75 

18 

fiiuvttMc  IS*  Bitartrate  of  baiytes  forms  transpaoe&t 
crytAsin  in  the  ibrm  of  right  prisms  with  bme% 

apparently  squaie.  Taste  acid,  and  reddens 
v^table  blues  slowly,  on  account  of  its  littie 

solubility.  100  parts  of  water,  at  the  temperature 
of  65%  dissolve  1*24}  parts  of  this  salt.   Its  coor 
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stittMffitSy  determined  both  anaijrtically  and  qm« 

tbGticaUy>  were 

ft  atomt  add  1^5 
]  atom  base  9*75 
8  alons  water  M5 

S8*5 

Fiom  the  |)rcccding  catalogue  it  appears  that 
a  considerable  proportion  of  the  salts  of  bary  tes 
are  anhydrous.  Indeed,  it  would  have  been 
easy  to  have  added  to  the  list  of  anhydrous  ba- 
ry tes  salts^  i£  I  had  not  been  anxious  to  confine 
myself  to  those  which  I  have  myself  examined* 
For  the  arseniate,  tungstate,  molybdate,  sele- 
niAte»  and  sulphite  of  bary  tes  are  all  anhydrous. 
So  ako  is  the  borate^  which  I  believe  to  be  a 
compound  of 

1  atom  boracic  acid  3 

1  atom  barytea  9*7^  , 

lS-75 

Those  barytes  salts  which  contain  water  seem 
never  to  have  more  than  1,  2,  or  at  most  3  atoms 
of  that  liquid}  so  that  barytes  in  this  respect 
agrees  with  ammonia  and  potash. 

5«  SALTS  OF  STRONTIAK. 

1.  Sulphate.   This  salt,  like  the  sulphate  of^ii^ 

barytesy  contains  no  water  of  crystallization  ^ 


Digitized  by  Google 


^6  -SALTS 

even  the  precipitated  sait  is  perfectly  mhydnm, 

if  it  be  dried  iii  a  temperature  of  212",  Its  con- 
stituents are 

1  atm  milphuric  add  5 
I  atflm  atrontian  6*5 

When  the  precipitated  sulphate  of  strontiaa  is 

dried  in  the  open  air,  it  retains  about  rirth  part 
of  its  weight  of  water  mechanically  lodged 

among  its  particles.  Tim  amounU  to  about  Jtii 
of  a^i  atom. 

Kitntib  Nitrate  of  strontian.   Of  this  salt  there  are 

two  species,  distinguished  from  each  other  by 
the  presence  or  absence  ot  water  of  crystalliza- 
tion. 

Anhy-  (1.)  Anhydrous  nitrate  of  strontian  crystal- 
lizes  in  dodecahedrons  composed  of  two  six«eided 
pyramids  applied  base  to  base.  The  apices  of 
the  pyramids  are  deeply  truncated,  so  as  to  give 
the  crystal  the  appearance  of  a  six-sided  table 
with  bevilled  edges  ;  it  is  not  altered  by  expo^ 
sure  to  the  air.   Its  constituents  are 

1  atom  nitric  acid  6^6 
I  atom  itraitiaii  6'5 

1S*25 

ifjdraiM.     (2.)  Hydrous  nitrate  of  strontian  is  a  trm* 
parent  salt,  crystallized  in  acute  riiombouis,  lu> 
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Ittstre  is  glassy,  and  it  dHoresces  when  exposed 
to  Uie  air.    Its  coostituents  are 

1  atom  nitric  acid  6*75 
1  atom  ttnuitian  6*5 
4  atomi  water  4*5 

17-75 

3.  Carbonate  of  strontian.  Tliis  salt,  like  the 
carbonate  of  barytes,  is  anhydrous  ^  the  water 
contained  in  the  native  carbonate  amounts  cer- 
tainly to  less  than  i^th  part  of  the  whole. 
The  constituents  of  the  pure  carbonate  are 

1  atom  earbonie  acid  2*75 
1  atom  fltmtian  6*5 

9-85 

The  carbonate  of  strontian,  from  Strontian  in 
Argyleshire,  contains  rather  more  than  6  per 

cent,  of  carbonate  of  lime  j  or  it  is  a  compound 
of  very  nearly 

10  atoms  carbonate  of  strontian  98*5 
1  atom  carbonate  of  lime  6*85 

98-75 

AVhether  this  mineral  be  a  chemical  compound, 
or  only  a  mixture,  I  cannot  say  ^  but,  from  its 
appearance,  one  would  be  disposed  to.  believe 
that  the  two  carbonates  are  in  chemical  union. 


^8  SALTS 

This  mineraly  it  is  mil  knoiin^  hasafintgMi 

colour.  The  only  metallic  bodies  wbidi  I  cat 
tiud  iu  it  are,  protoxide  of  mangaiiese,  which  is 
green,  and  perhaps  a  trace  of  iron.  Is  it  pnK 
bable  that  the  green  colour  is  furnished  by  the 
protoxide  oi  uangaaese  ? 
iW>^*  4.  Fhospbate  of  strontian*  This  salt  is  easilj 
obtiiined  by  mixing  together  sohitions  of  phos- 
phate of  soda  and  nitrate  oi  stroutian  in  the  ato- 
mic proportions*  The  phosphate  of  strontian 
precipitates  in  the  state  of  a  white  powder,  which 
must  be  edulcorated,  and  dried  in  the  open  air. 
The  phosphate  of  strontian  is  a  fine  wiiite  I^t 
powder,  having  scai  cely  any  taste,  and  producing 
no  change  on  v^table  blues. 

When  exposed  to  the  greatest  temperaturorf 
the  sand  bath  (about  (iUU''),  it  loses  no  weight 
10  grains  of  it,  when  exposed  to  a  red  heat,  loie 
0'84  grain  of  weight,  consisting  of  water  driven 
o£  Hence,  11*1^  grains  of  tiie  salt  wouiii 
have  lost  0*934^  grain.  This  approaches  lo 
nearly  to  1  atom  of  water,  that  I  consider  the 
composition  of  tlie  salt  to  be 

1  fttom  phosphoric  add  9-5 

1  atom  strontian  6*5 

1  atom  water  1-125 

-  # 

Biphos.      ^«  Biphosphate  of  strontian.    This  salt 
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formed  by  dissolving  phosphate  of  stiuntiaii  in 
pho^horic  add,  and  mixiiig  the  soiution  with 
aloohoL  The  biphosphate  precipitated  in  the 
state  of  a  fine  white  soft  powder,  which  had  an 
acid  tast^  and  strongly  xeddened  v^;etable  bines. 
1575  grains  of  this  salt,  dried  in  the  open  air, 
lost,  when  exposed  to  an  incipient  red  heat, 
grains  of  water.  Vtom  this  it  is  obvious  (bat 
the  constitueaU  of  the  salt  aic 

2  atoms  phosphoric  add  7 
1  atom  aUrootiao  6'5 
S  atoms  water  S-£5 

1575 

Wlien  tlie  alcohoUc  solution,  iiorn  which  tlie 
bipliosphate  of  strontian  had  precipitated,  was 
concentrated  and  set  aside,  it  deposited  a  num- 
ber of  transparent  crystals,  which  had  a  very 
add  taste,  aad  consisted  of  phosphoric  add  and 
stvoutian.  The  result  of  an  analysis  of  them  led 
me  to  consider  these  crystals  as  a  quadiophos- 
phate  of  strontian  $  but  the  quantity  which  I 
possessed  was  too  small  to  enahlc  me  to  deter- 
mine the  p<Hnt  in  a  satisfactory  manner. 

6.  Arseniate  of  stiontian.   This  salt  was  ob-AiBcniMi^ 
tained  by  mixing  together  solutions  of  nitrate  of 
stfontiatt  and  arseniate  of  soda  in  the  atomic  prO" 
portions.    No  immediate  precipitate  appeared ;  < 
but  in  ^4  hours  a  number  ot  small  crystals  were 

Vol,  H.  T 
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depoeited  on  the  sides  of  the  veSBsL  These 

crystals  proved,  on  examination,  to  be  arseniste 
of  strontian.  They  were  very  minute  re^^taogu- 
lor  fi>ur*8ided  prisms,  having  no  taste,  sod  pio* 
ducing  no  change  on  vegetable  blues.  The 
salt  dissolves  very  sparingly  in  water — 100  grains 
of  that  liquid,  at  the  temperature  of  60",  dissolv- 
ing  only  i)-'2Hh  grain  of  the  crystals.  When 
^'25  grains  of  these  crystals  were  exposed  to 
a  heat  gradually  raised  to  redness,  the  loss  cf 
weight,  owing  to  the  escape  of  moisture,  was  9 
giains.   Hence,  the  constituents  of  the  salt  are 

1  atom  arsenic  acid  7*7^ 
I  atom  strontian  &S 
8  atoma  water  9*0 

SS-jiS 

7.  Chromate  of  strontian.  •  This  salt  is  easiljr 

formed  by  mixing  together  solutions  of  chromate 
of  potash  and  nitrate  of  strontian— the  chromste 
of  strontian  immediately  falls  down.  When  edul- 
corated and  dried  in  the  open  air,  it  is  a  powder, 
having  a  fine  yellow  colour,  destitute  ^  taste, 
and  not  sensibly  soluble  in  water.  It  loses  no 
weight  by  exposure  to  a  red  heat,  and  is,  there- 
fore, antrjrdrous.   Its  constituents  are 

1  atom  chromtc  acid  6*S 
J  atom  strontian     '  .  &S 

IS 
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-  8.  Acetate  of  strohtian  crystallizes  in  thin  Acetate, 
flat  transparent  plates  ;  but»  by  spontaneous 
evapomtion,  it  may  be  obtained  in  long  quadran- 
gular  prisms  with  rectaugulai*  bases.  Its  taste 
is  sharp,  and  it  gives  an  impression  of  bitterness* 
The  salt  does  not  affect  vegetable  blues.  It  has 
a  silky  lustre,  is  pretty  soluble  in  water,  and  is 
not  altered  by  exposure  to  the  atmoqihere. 
J3*S75  grains  of  this  salt  were  exposed  to  a  red 
heat  in  a  platinum  crucible ;  the  residual  matter  * 
was  digested  in  a  solution  of  carbonate  of  am- 
monia till  the  whole  liquid  was  driven  off.  It 
was  then  exposed  to  a  heat  sufficient  to  expel 
the  whole  ammonia.  The  carbonate  of  strontian 
thus  obtained  weighed  9'^  grains,  equivalent  to 
6*5  grains  of  strontian.  Hence,  the  constituents 
of  the  salt  are 

1  atom  acetic  acid  6*25 
1  atom  strontian  .  6'50 
I  atom  water         .  1*125 

13-S75 

9.  Oxalate  of  strontian  is  a  wliite  tasteless  in-  Oxalate 
aoluhle  ^powder,  obtained  by  mixing  oxalate  of 
ammonia  and  muriate  of  strontian  together,  in 
the  atomic  proportions.  13'25  grains  of  this  salt^ 
clzied  in  the  open  air  upon  papery  were  exposed 
to  a  red  heat  in  a  platinum  crucible.  The  car- 
bonate of  strontian  remamuig  weighed  9*^ 

T« 
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grains,  equivalent  to  6*5  grains  of  strontian. 
Uence»  the  constituents  ot  tlie  salt  are 

1  atom  oxalic  acid    .      4  5 

1  atom  strontian  6*^ 
^  atoms  water     ^    .  2*25 

BhioxAiaic^  '  10.  Binoxalate  of  strontian  was  formed  by  em* 

ploying  twice  the  requisite  quantity  of  oxalic 
acid  to  saturate  the  strontian*  It  crystallizes  in 
pretty  large  four-sided  prisms,  too  rough  on  the 
surface  to  adinit  oi  measuring  the  angles  ;  feds 
harsh,  reddens  vegetable  blues»  but  dissolves  verf 
sparingly  in  water.  IJ-o  grains  of  the  salt,  liuat- 
ed  to  redness,  left  9*^o  of  caibonate  of  stiontiaiL 
tlence^  the  salt  is  anhydrdus»  and  composed  of 

2  atoms  oxalic  ncid     .  9 

1  atom  strontian        .  6*5 

Tartrate^      1 1 .  Tartrate  of  strontian.   This  salt  waa  ob- 
tained by  mixing  tartrate  of  potash  and  nitnte 

of  strontian  in  the  atomic  proportions,  each  in 

pretty  concentrated  sohitions.   The  tartrate  ot' 

*  strontian  was  gradually  deposited  in  obh'que 

rliomboids,  with  angles  of  113^       and  ioKit  40. 

This  salt  is  tasteless,  and  insohible  in  water.  It 

was  analyzed  by  exposing  18»IS5  grains  of  it  to 

redness  in  an  open  platinum  crucible,  and  keep- 
is  • 
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ing  lip  the  heat  till  the  carbonate  o(  strontian 
became  while,  it  weighed  9*^  grains.  Hcnce^ 
ilie  constituents  of  tiie  salt  ax*q 

1  atom  tartaric  acid  8*25 
I  atom  strontbn  .6^5 
3  atoms  water  3*375 

18*185 

The  salts  of  suontian  resemble  those  of  bary. 
teSt  though  there  is  a  tendency  in  these  salts  to 
contain  more  water.  Six  of  the  salts  described 
abovCf  or  one  half  of  tiie  whole»  £ire  anliydrous ; 
two  contain  1'  atom  water ;  and  we  have  a  single 
salt  with  2,  3,  4f,  and  8  atoms  of  water  respec- 
tively. 

6.  SALTS  OF  LIM£.. 

I.  Sulphate  of  lime.   Of  this  salt  there  are  suipiMie, 
two  species,  both  found  native  ^  namely,  the  an* 
liydrous  and  iiytirous. 

(1.)  Anhydrous  sulphate  of  lime,  diatiHgiusbed 
by  mineralogists  by  the  name  o(  anhydrite^  crys- 
tallizes in  right  rectangular  prisms.  Its  consti- 
tu^tsare 

I  1  atom  sulpliuric  acid       5  , 

1  atom  lime       .      .  3-5 

•  '     '  S'5 

T3 
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Hydm  Hydroos  sulphate  of  lime,  ioiig  famiUar 

to  chemists  and  mineralogists  under  the  nsunes 

of  gypsum  and  selenite,  crystallizes  in  right 
oblique  angled  prisms ;  and,  when  fonned  arti- 
ficially, it  crystallizes  in  small  silky  needles,  so 
minute^  that  their  shape  is  not  easily  determiued. 
The  constituents  of  this  salt  are 

1  atom  acid  .  5 

"  1  atom  lime  •  3*5 

2  atomi  water        .  2-25 

The  water  of  crystallization  may  be  driven  off 
by  a  temperature  not  exceeding  500\  In  a  red 
heat,  some  of  the  sulphuric  acid  is  driven  off ; 
and,  if  water  be  poured  on  the  salt  thus  treated, 
it  will  be  found  to  give  a  violet  colour  to  cud- 
bear paper*  This  circumstance  long  perplexed 
me  in  the  analyses  of  minerals,  when  I  was 
searching  for  an  alkali.  The  liquid  containing 
the  supposed  alkali  was  filtered,  evaporated  to 
dryness,  and  water  digested  upon  the  residual 
matter.  This  water,  by  giving  a  vi(det  cotoar 
to  cudbear  paper,  gave  an  indication  of  an  al- 
kali p  but  the  most  careful  examination  of  what 
ithe  water  had  dissolved  frequently  discovered 
nothing  but  lime.  I  found  at  last,  that  all  the 
filtering  paper  which  I  could  procure  contained 
sulphate  of  lime  i  a  little  of  this  was  dissolved 
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by  the  liquid  which  passed  through  tlie  filter^ 
lience  the  appearances.  The  presence  of  sul- 
phate of  lime  in  the  filters  is  a  very  g^t  an- 
noyance, and  stands  a  good  deal  in  the  way  of 
accurate  analyses.  I  diminish  the  evil,  but  do 
not  remove  it  completely,  by  washing  the  filter^ 
first  in  dilute  nitric  or  luunatic  acid,  auil  then  in 
water. 

-       Nitrate  of  lime.    This  salt  is  exceedingly  Nicnn^ 

soluble  in  watc^r,  and  very  difficult  to  procure  in 
regular  crystals.  But  it  is  easy,  by  concentrating 
the  sdiution  sufficiently  and  then  setting  it  aside 
in  a  cool  place,  to  obtain  the  salt  in  the  state  ol 
a  beau  til  ul  iihrous  white  .mass,  not  unlike  meso- 
lite.  In  this  state  it  is  composed  of 

1  atom  nitric  add  6*75 
1  atom  lime  8*5 
3  atoms  water         .  3'375 

13*685 

When  a  solution  of  this  salt  is  put  under  the  ex- 
hausted receiver  of  an  air  pump  along  with  sul- 
phuric acid,  it  becomes  a  thick  syrup,  which,  on 
the  least  agitation,  concretes  into  a  white  solid 
mass,  with  the  evolution  of  a  good  deal  of  heat. 
"  In  this  state  it  consists  of 

1  atom  niUric  acid  6-^0 
I  atom  Itmc  .  .  3*5 

6  atoms  water        .  ()*7*^ 

17 
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The  water  actually  pfteeent  in  our  mnaiyos  of  tha 

mass  exceeded  6  atoms  by  rather  less  tluui  half 
an  atom.  Had  the  acUoQ  of  the  acid  coQtioued 
for  a  little  longer>  we  should  probably  have  ob- 
tained the  exact  atomic  quantity  contained  in 
the  preceding  table.  The  smali  surplus  watec 
was  doubtlesB  lodged  mechanically  in  the  pons 
of  the  dry  mass, 
ciinwiib  Carbonate  of  lime.  This  weU  l^wo  min- 
eral, when  purci  la  anhydrous.  It  may,  indeedi 
contain  a  little  water  lodged  meclianically  be- 
*  tween  the  piatesof  the  ciystak  ^  btttsucb*  when 
it  exists,  is  very  small,  and  is  easily  drivea  offby 
exposing  the  salt  to  a  moderate  beat.  Its  ooo* 
stituents  are  > 

1  atom  caibonie  acid  £"75 
1  stoni  liiM  S*5 

MS 

When  carbonate  of  lime  is  rendered  soluble  in 
water  by  means  of  carbonic  acid  gas,  a  bicarbo* 
nate  is  formed,  which  seems  only  capable  ol  ex- 
isting in  solution»— 4t  least,  I  have  never  siio> 

ceeded  in  obtaining  it  in  a  concrete  state.  Per- 
haps  if  it  were  crystallized  under  great  compres- 
sion this  bicarbonate  might  be  obtained^ 
riKwphaic,  4.  Phosphate  of  lime,  Tliis  salt  can  only  be 
formed  artificially  in  the  state  oi  a  white  powder. 
It  is  neutral,  insoluble,  and  anhydrous,  being 
composed  of 


Digitized  by  Google 


OF  UlfE. 


«97 


l.filom-plM|i|ihicic.add  9*6 
1  atom  lime  9*5 


5*  Ai'seniateof  lime.  This  salt  may  be  formed  Ancoute, 
by  Uix>ppii^.ai*8eiiie  acid  into  lime  waters   It  ia 
a  vbite  anbydiiKia  tartdess  powder^  composed  of 

1  atom  arsenic  acid  7*75 
r  1  atom  lime     .       .  S*5 

11-26 

There  is,  likewiae,  a  binanentate  of  Ume  which 

crystallizes ;  but  I  have  not  subjected  it  to  ana- 
lysis* 

6.  Chromate  of  lime.   This  is  rather  a  Une  chnmat^ 
yellow  powder,  wliich  is  insoluble  in  water  and 
anhydrous,— it  would  probably  answer  as  a  pig- 
ment.   Its  constituents  are 

1  atom  chromic  add  6*5 
1  atom  lime      •      .  3*5 

10 

7«  Tungstute  oi  lime.  This  salt,  which  is  oc-  Tuni»tAt^ 
canonally  met  with  in  native  octahedral  crystals, 

is  likewise  anhydrous,  and  is  undoubtedly  a  com- 
pound  of 

I  atom  tungsUc  acid       IS'75  ^ 
1  atom  lime  ■  3*5 
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8.  Aoetate  of  lime.   When  a  solutioii  of  tUi 

salt  is  kept  for  some  time  in  vacuo  over  sulphuric 
acid,  it  is  gradually  converted  into  a  mamillated 
mast,  which,  iDternally,  hsa  a  silky  lustre,  and 
soniewhat  the  appeanmce  of  asbestus.  16*5 
grains  of  the  salt,  in  tins  state,  give  6*^.  grains 
of  carbonate  of  lime.  Hence,  the  conatitaeBts 
of  acetate  of  lime  are . 

1  atom  Metie  acid  &ft9 
1  atom  lime  3^ 
6  atoms  water         .  6*75 

16-5 

Oiaiat^  9,  Oxalate  of  lime.  This  salt  is  a  white  heavy 
tasteless  powder,  quite  insoluble  in  water*  When 
dried  in  the  open  air  its  constit^ents  are 

I  atom  oxalic  acid  4*5 
1  atom  lime  •  a*5 

8  atoms  water  ^'95 

10*25 

It  requires  exposure  to  a  heat  rather  above  60ff 
to  drive  off  the  water  from  this  salt. 
Tartrate,      iQ.  Tartrate  of  lime.   This  is  also  a  white 
tasteless  insoluble  powder.   When  dried  in  the 

open  air  its  constituents  are 

1  atom  tartaric  aotd  8*25 

1  atom  lime  .  ,  3*5 
4  atoms  water         •  4*5 

16*25 

9 


Digitized  by  Google 


OF  M AOmsIA. 


It  iwMmely  ponible  to  dri^  off  the  whde  wa- 
ter, without  a&cting  the  ackl,  whicii  is  nmch 
more  easily  decomposed  than  either  acetic  or 
oxalic  acid.   Tt  was  analyzed  by  keeping 

grains  of  it  in  a  iow  red  heat  till  the  carbonate 
of  lime  became  white.  It  weighed  6*525  grains 
very  nearly. 

From  the  preceding  list  it  appears,  that  many 

of  the  salts  of  lime  arc  anhydrous.  The  water 
of  crystalhzatiout  when  it  exists,  amounts  to  2, 
S»  4i»  or  6  atoms.  No  salt  of  lime  is  known 

which  contaiiis  niuie  than  (i  atoms. 

7* .  SALTS  OP  MAONBSIA. 

1.  Sulphate  of  magnesia.    This  well  known  suipb««!v 
salt  crystallizes  in  right  square  prisms,  and  is  not 
altered  by  exposure  to  the  air.  Its  constituents 

are 

I  atom  sulphuric  acid  5 
1  atom  magnesia  2-5 
7  atoou  water       .  7'875 

15-375 

2.  Nitrate  of  magnesia*  though  it  crystallizes  Nitm^, 

readily  enough,  is  so  deliquescent  a  salt  that  it  is 
very  difficult  to  obtain  it  in  a  state  proper  for 
analysis.  16  grains  of  the  crystals,  dried  by 
pressure  between  Iblds  of  blotting  paper,  were 
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heated  in  a  phtinum  cnidUe  itik^^p^Uiiiig 

was  expelled  except  the  i)asc  :  the  residual  mag- 

nesia  weighed  S*^  graios*    UeAcet  tjiy  at'*  is  a 

compound  of  -  H    ,ink  ^ 

,  ;;      .   ,    :         tr  if}  r 
I  atom  nitric  acid  6-75    .  . 

o  1  atom  magnesia       .    ^  S'S^^Tjij^i^ 

6  atoms  water         «  6*75 

16 

3«  Carbonate  of  magnesia.  This  salt  occius 
native  in  great  abundance  in  Hindostan,  wliere 
it  constitutes  a  range  of  rocks  extending  a  con- 
siderable way/  ^  Its  colour  is  snow  whiter  and 
its  specific  gravity  27374 ;  it  is  rather  harder 
than  iiuor  spar,  and  it  dissolves  very  slowly  in 
acids,  unless  it  be  reduced  to  powder»  and  the 
action  of  the  acid  promoted  by  heat.  I  found 
tlie  constituents  of  a  very  good  specimen  of  this 
mineral  as  follows : 

Carixmic  acid        •  51'6S7 

Magnesia  .       4?  566 

Deutuxidc  oi  maiiguues>c  0-807 

100 

iitron^yer  analyzed  a  specimen  of  the  saa)c 

mineral  from  Baumgarten  in  Silesia.  Its  con- 
stituents were 

*  For  the  specimen  which  I  suhji  ricd  to  aiuJym  1  was  imltffc4y^  10  ite 
friiiiidihip  of  Mr,  JBabington  Loodoo, 
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Carbonic  acid           •  50*7512 

MagDesia          .       «  47*6384 

Deutoxide  of  mangsnese  O'dl  17 

Water            .  1-4037 

100* 

The  salt  is  obviously  anhydrous^  and  composed 
of 

1  atom  carbonic  acid  2*75    or    53*41 1 

1  atom  magneaia        •      d*5     •  ^5'782 

5-85 

It  would  appear  from  emnparing  the  coastita- 

ents  of  the  neutral  salt  with  those  of  the  native 
anhydrous  carbonate,  that  in , the  native , lock  a 
little  of  the  acid  has  been  dissipated/  My  speci- 
men was  from  the  surface  of  the  rock.  ,  ,Np 
doubt  the  same  was  the  case  with  tfaje  , specimen 
analyzed  by  Stromeyer.   It  would  be  interesting 

to  know  whethei*  specimens  from  the  interior 
parts  of  the  rock  would  be  found  to  contain 
their  full  complement  of  carbonic  acid. 

It  is  obvious  from  Berzelius'  analysis,  that  tlig 
artificial  carbonate  of  magneria  (obtained  by  ex- 
posing a  solution  of  magnesia  in  carbonic  aciil 
to  spontaneous  crystallization)  is  a  compound 
of 

*  Ulttcisucbuiigcn)  p.  1)!0. 
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1  Atom  carbonic  acid  9*75 
1  atom  magnesia  2*5 
3  atoiiu  water  8*37^ 

I  find  that  this  artificud  carbonate  becomes  an- 
hydrous by  simple  exposure  to  the  air,  and  falls 
down  into  powder, 
jijdme,  4.  Hydrate  of  magnesia.  This  beautifid  min* 
eral  is  obviously  analogous  to  a  salt.  It  wai 
first  discovered  by  Dr.  Bruce  in  the  serpentiiie 
at  Hoboken  in  New  Jersey ;  more  lately,  mag- 
nificent specimens  have  been  detected  io  the 
Shetland  Islands  by  Dr.  Hibbert — ^I  believe^  in 
the  serpentine  of  the  island  of  Unst.  It  has  i 
beautiful  snow  white  colour^  sometimes  with  a 
shade  of  green;  a  pearly  lustre;  is  composed 
of  thin  semitransparent  folia,  and  luis  a  specific 
gravity  of  ^*1S.  Its  constituents,  accordmg  to 
the  analysis  of  Stromeyer  which  I  repeated  with 
scarcely  any  difference  in  the  result,  aie 

1  atom  water            .       ,  1125 

1  atotn  magDc&ia       ,       «  2-5 

-     Water       *       .       .       .  0-tKi">4^> 

Oztdet  of  iron  and  mangiaiese  0^76s 

The  small  excess  of  water  was  probably  com- 
bined with  the  oxides  of  iron  and  manganese 
present  in  the  mineral.   The  whole  of  the  fo* 

•  AfliMidlti^,  VI.  SI. 


Digitized  by  Google 


OF  MAGM£SIA« 


303 


reign  matter  aoiounts  only  to  &^th  the  min- 
eral. 

J.  Magnesia  alba  of  the  shops.  It  is  obvious, 
from  the  analysis  of  this  powder  by  different'^ 
chemists,  that  its  composition  varies  considera- 
bly. Berzelius  has  shown  that  the  composition 
is  regukted  by  the  quantity  of  vater  employed, 
and  by  the  temperature :  for  the  powder  is  ob- 
tained by  precipitating  the  sulphate  and  muriate 
of  magnesia  by  an  idkaline  carbonate.  Berze^ 

lius  analyzed  a  portion  of  it  washed  in  boiling 
water,  till  the  hquid  ceased  to  dissolve  any  more. 
He  found  it  a  compound  of 

Magnesia        44*58   or  S*454 
Cftrbonieacid  S5*70    •  2*75 
Water  19*78  - 


10000 

This  approaches 

1  atom  carbonic  acid  8*75 

1^  atom  magnesia  3*75 
1^  atom  water  1*6875 

But  Berzelius  considers  it  as  a  compound  of  3 
atoms  carbonate  of  magnesia  and  of  1  atom  of 
quadrohydrate— 

S  atoms  carbonate  of  magneait      1 5*75 

1  atom  quadrohydrate  7 


2Je-75  • 

*  Aniandlingn>  VI.  M. 


Digitized  by  Google 


SOi, 


SALTS 


The  constituents  per  cent  according  to  this 
view  of  Ihe  subject,  would  be 

Carbonic  ackl  36-263 
MagaesU  43*956 
Witnr  191^1 

100000 

numbers  which  approach  sufficiently  near  the 

result  of  the  analysis  to  give  much  probability 
to  the  opinion. 
^^it^  6.  Bowute  of  magnesia.  The  mineral  caUed 
boracite,  which  crystallizes  in  cubes,  having 
their  alternate  angles  truncated,  and  which  ios 
a  specific  gravity  of  ^•566,  is  a  comjKwmd  rf  bo- 
racic  acid  and  magnesia,  and  from  the  best  ana- 
lyses of  it  hitherto  made»  it  seems  to  be  a  bibo* 
rate  of  magnesia,  composed  of 

2  atoina  boracic  acid  6 
1  stom  magneaia  8*5 

It  is  destitute  of  water.  *  ' 

nKNiAMc^  7.  Phosphate  of  magnesia.  MHien  this  salt  is 
obtmned  by  mixing  together  solutions  of  suK 
phate  of  magnesia  and  phosphate  of  soda,^  it 
crystallizes  in  small  flat  four-sided  prisms,  haV-' 
ing  a  silky  lusLic,  and  destitute  of  taste.  It  is 
composed  of 

1  atom  phmphoric  acid  3*5 

1  atom  magnesia  2-5 
7  atoms  water 

13-S75 
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8.  Anentate  of  nnflgyiema  may  be  pr^wed  bgr  Amniiie, 
mixiiig  together  rather  diluted  wdntions  cf  ml* 

phate  of  magnesia  and  arseniate  of  soda  in  Uie 
atomic  proportiMi.  Little  immediate  change 
is  produced,  but  a-  portion  of  arseniate  of  mag* 
nesia  gradually  precipitates  in  a  fine  white  loose 
atate»  very  aimilar  in  appearance  to  native  hy* 
drate  of  magnesia.  When  the  mixture  is  set  aside 
for  twenty*four  hours,  a  number,  of  crystals  of 
arseniate  of  magnesia  make  thdr  appearance  in  it 
TTiey  are  small  transparent  four- sided  llat  prisms, 
with  very  oblique  terminations  j  they  constitute 
tufts  of  crystals,  radiating  from  a  centre,  and  are 
formed  in  the  portion  of  the  salt  which  has  the 
form  of  a  powder«  These  crystals,  wiien  dry, 
are  transparent  and  tasteless.  They  are  slightly 
soluble  in  water — though  that  liquid  alter  be- 
lt^ saturated  with  the  salt  in  a  boiling  heat,  has 
no  perceptible' taste,  and  1000  parts  of  boiling 
water  dissolve  only  I'd  parts  of  tliese  crystals. 
19*M  grains  of  these  crystals,  when  exposed  on 
the  sand  bath  to  a  heat  of  about  500^,  lose  6*7^ 
grains  of  weight,  and  when  exposed  to  a  low  rqd 
heat  the  loss  amounts  to  9  grains.  Aa  these 
crystals  have  no  acliou  on  vegetable  blues,  they 
are  evidently  neutral :  hence,  tiie  constituents  are 


1  atom  arsenic  acid 
I  atom  magnesin 


7'7S 
9-5  . 
90 


8  atoDA  water 


19-25 


or.  n. 


V 


Digitized  by  Google 


SALTS 


At  tlie  temperature  of  about  5uu^  they  part 
with  6 .  atoms  water,  but  still  fetain  9  tttani 

which  arc  disengaged  \n  a  I'cd  heat. 

9,  Chroioate  of  magnesia.  This  is  a  line 
transparent  yellow  coloured  8alt»  which  ciystat 
lizcs  in  flat  rhomboids,  the  obtuse  angles  of 
which  are  usually  truncated.  It  is  very  soluble 
in  water ;  its  constituents  are  as  follows  : 

1  atom  chromic  acid  6-5 

1  atom  magnena  2*5 

2  atoms  water  2-85 

11*85 

■ 

When  this  salt  is  exposed  to  a  strong  red  heal 
it  is  partially  decomposed ;  for  it  is  no  longer 
completely  soluble  in  water. 
Acetate,  jo.  Acctatc  of  magnesia.  A  neutral  solution 
of  this  salt  was  lefl  in  vacuo,  over  sulphuric  acid« 
It  gradually  inspissated  into  a  thick  traDsparent 
jelly,  which  was  exposed  for  some  time  to  the 
heat  of  tlie  sand  bath.  Being  laid  in  a  cool  place 
it  became  solid  on  the  surface,  but  remained  ti> 
quid  below.  Being  stiired  with  a  glass  rod,  rl  e 
whole  concreted  into  a  white  opaque  crystalline 
looking  mass,  not  unlike  loaf  sugar ;  it  did  not 
deliquesce,  though  left  for  a  week  in  an  open  ves- 
sel. The  taste  of  this  salt  is  hot  and  biiter  ^ 
first  it  gives  a  slight  impression  of  acetic  acid 
which  soon  passes  oii,  leaving  a  very  disagreeahle 
taste  behind. 


Digitized  by  Google 


OF  MAGNESIA. 


307 


-  14*97^  gttim  of  this  sah  were  kept  in  a  red 
heat  till  notliing  remained  but  pure  magnesia, 
which  weighed  d*d  grains.  As  the  salt  was 
neotral,  its  constitiieiits  are  obviously  ' 

1  atom  acetic  acid  6*25 
I  atom  magnesia  2*50 
5  atoms  water  5'625 

*     

11.  Oxalate  ot  magnesia  is  a  tasteless  salt,  Oxsia^ 
which  can  only  be  obtained  in  the  state  of  a 
white  powder.    To  determine  its  composition  I 
took  9*25  grains  of  the  salt  in  a  state  in  which  it 

did  not  alter  the  colour  of  vegetable  blues,  and 
exposed  them  to  a  strong  red  heat  in  a  platiiiiun 
crucible }  tliere  remained  behind  2*5  grains  of 
pure  magnesia.  This  being  equivalent  to  an 
atom  of  magnesia,  it  is  obvious  that  the  oxalic 
acid  in  the  salt  amounted  to  4t'5,  or  an  atom. ' 
Hence»  the  constituents  of  oxalate  of  magnesia 
are 

1  atom  oxalic  acid  -  4*5 
f  atom  maghena  9*5 

2  atoma  water  S*S5 

9-25 

ITthe  oxalate  of'nKignesia  be  dried  b^'  means  of" 
artificial  heat»  the  water  contained  in  it  is  always  ^ 
leiAi  ttiaii  twd  at6ms. 

12.  Bmoxalate  of"  magnesia.    This  salt  may  BinoxaUtc, 

U2 
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be  obtained  by  mixing  togetlier  solutions  oi  bia- 
oxalate  of  potash  and  sulphate  of  magnesia  in 
the  atomic  proportions.    No  immediate  precipi- 
tate falls ;  but  when  tht^  iiqiMii  k  coiiceatrated» 
crystals  of  binoxaiate  of  magnesia  are  graduailj 
tlcposited.    They  luu  e  ihe  form  of  pretty  Luge 
.  tiat  rectangular  ibur-sided  prisms.    The  taste  of 
this  salt  is  acid,  and  it  strongly  reddens  vegeta- 
ble blues.    It  does  not  Jis.solve  completely  in 
water  ^  but  when  digested  in  that  liquid,  a  con- 
siderable portion  of  the  oxalic  acid  and  some  of 
the  magnesia  is  washed  oQ\  and  an  insoluble  ox- 
alate of  magnesia  remains  behind.  When  heated, 
oxalic  acid  readily  sublimes.    19*375  grains  oi 
this  salt  were  digested  in  water  till  the  liquid 
would  take  up  no  more;  the  undissolved  oxalate 
of"  uKigiicsia  weighed  5-054  grains,  and  containcii 
£*469  grains  of  oxalic  acid.    The  dissolved  por- 
tion of  the  salt  was  mixed  with  muriate  of  lime. 
Tlie  oxalate  of  lime  precipitated  weighed,  alter 
being  washed  and  dried  in  a  heat  of  83^,  14*489 
grains,  equivalent  to  6*36l  grains  of  oxalic  acid. 
Thus  the  oxalic  acid  contained  in  19*375  grains 
of  the  salt,  amounted  to  8'8d  grains,  or  ver; 
nearly  2  atoms.    19*375  grains  of  the  salt  were 
exposed  to  a  strong  red  heat  in  a  platinum  cru- 
cible, the  magnesia  remaining  weighed 
grains.    But  it  eliervesced  for  a  little  with  luiriCv 
acid,  and  therefore  was  not  quite  free  from  car> 
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bouic  acid,  i'loni  tiieau  expeninenU  I  contmler 
tlie  consUtueots  of  the  salt  to  be 

2  atoms  oxalic  add  9 
1  atom  magneaui  2*5 

7  atoms  water  7'S7j 


13.  Tartiatc  ol  magnesia*  This  salt,  wbicli  is  Xamai«» 
a  white  tasteless  powder,  is  composed  of 


1  atom  tartaric  acid  S*95 

1  atom  magneda  8*5 

2  atoms  water  2^5 


IS 

14.  Bitartiate  ot  magnesia.  This  salt  was  Bitartr«te. 
fiurmed  by  dissolving  tartrate  of  magnesia  in  tar- 
taric acid  and  crystallizing  the  solution.  The 
bitarUate  is  deposited  in  small  acicular  crystals ; 
it  has  a  slightly  acid  taste,  and  reddens  vegeta^ 
ble  blues.  ^O'l^  grains  of  these  crystals  were 
kept  in  a  red  heat  till  notliing  remained  but  the 
magnesia,  which  weighed  2*5  grains.  Hence, 
the  salt  is  composed  of 

■    '  2  atom^  taitarii;  acid  l6'5 

.    ,  '  >  I  atom  magnesia  2'5 

1  atom  water  1-1^5 


The  water  of  crystallization  in  tlie  salts  of  mag- 

us 
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nesia  \  aries  more  in  the  ditierent  species,  than  in 
atiy  of'  the  preceding  genera  of  salts.  Two  of 
the  species  are  anhydrous— three  contun  1  atom 
of  water — three  contain  2  atoms— oue  coutaios 
3— one  5— one  6— two  contain  7f  and  one  con- 
tains 8  ktoms. 


8.  SALTS  OF  ALUMINA* 

Sulphite^      1.  Sulphate  of  alumina.   This  salt  does  not 

crystalli/c  regularly ;   but  if  we  digest  diluu 
sulphuric  acid  ovei*  hydrate  of  alumina  for  two 
or  three  days,  and  set  the  solution  aside  after 
having  concentrated  it  sufficiently,  it  gradually 
congeals  into  a  beautiful,  whiter  soft*  Ught»  semi- 
transparent  mass,  which  may  be  dried  upon 
blotting  paper,  and  is  nut  altered  by  exposure  to 
the  air.   It  always  reddens  vegetable  blues  how 
long  soever  die  liquid  be  digested  over  the  alu* 
mina^  I  continued  the  digestion  for  a  montii 
without  altering  this  property.   AU  the  salts  of 
alumina,  so  far  as  1  have  tried  them,  redden 
v^etable  blues.    Sulpiiate  oi'  alumina  is  com* 
posed  of 

1  atom  sulphuric  acid  5 
1  atom  altttnhia  2*25 

7  atoms  water  7*875 
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This  salt  is  capable  of  congealing  tbougfa  it  oon- 
taina  a  slight  exoess  of  adcL'  I  have  obtained  it 

composed  of .  - 

Sulphuric  acid  5*625 

Alumina  2-25 
Water  .  7-875 

15-75 

The  excess  was  just  the  ith  of  an  atom  of  sul- 
phuric add.  To  prevent  any 'such  excess  we 
must  continue  the  digestion  over  alumina  for  a 
considerable  time ;  for  the  action  of  the  acid, 
when  nearly  saturated,  becomes  very  feeble.  ^ 

2.  Trisulphate  of  ciliimina.  This  is  a  finelViwi. 
white  aluminous  looidng  mineral,  found  in  Sus* 
sex  and  in  other  places,  and  distinguished  among 
mineralogists  by  the  name  of  aluminite.  Its  con- 
stituents, as  appears  firom  the  analysis  of  Stro- 
meyer,  are 

p 

I 

1  atom  sulphuric  acid  5 
3  atoms  alumina  6>75 
9  atoms  water  10*185 

21*875 

I  have  already  noticed  disulphate  of  alumina  in 

a  preceding  chapter. 

3.  Dinitrate  of  alumina.    This  salt  was  ob-nuuinii^ 
tained  by  digesting  hydrate  of  alumina  in  dilute 
nitric  acid  till  the  acid  refused  to  dissolve  any 
more  oi  Uie  hydrate  \  the  liquid  was  then  con« 

U4 
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centrated  and  set  aside.  It  concreted  into  a 
white  solid  matter,  wiucb  was  dhed  by  pressure 
between  folds  of  blotting  paper.  Thus  preparc4 
it  was  a  fine  white  crystalline  powder  exceedinjj- 
ly  soluble  in  water,  and  reddening  vegetable 
blues*  Its  taste  was  astringent  and  sweet,  with 
an  impression  of  additj.  This  salt  was  analyzed 
in  the  following  manner : 

9^*5  grains  of  it  were  exposed  to  a  red  heat, 
and  kept  at  that  temperature  till  noUiing  re^ 
mstned  but  the  alumini»  which  weighed  exscdy 
'    4'5  grains. 

I  Q2'5  grains  of  the  salt  were  dissolved  in  water, 

and  the  solution  digested  in  a  flask  with  cait»o> 
nate  of  bary tes~tlie  alumina  was  thrown  down, 
and  a  solution  of  nitiale  of  bftfytes  formed. 
This  solution  being  evaponted  to  djynessy  left 

16'245  grains  of  nitrate  of  barytes.  Now, 
l6*24»5  grains  of  nitrate  of  barytes  contain  tiii^ 
grains  of*  nitric  acid*  This  approaches*  so  iieir 
675,  that  it  is  evident  the  salt  is  a  di nitrate,  and 
composed  of 

1  Atom  tiltrie  add  6*75 
S  atDtts  alumina  4*5 

10  atomd  witWr         1 J  -si  J        ,  .  , 

M'S   

I  made  difiererit  atteAipts  to  foi*m  a  nitrite 
dlummsr,  but  they  were  aH  un^ucccttfiori.  '  ' ' 

Tmuitntfc,     4.  Trisniu  ale  oi' uhnniua.    I  foi*med  tfiis  f^ait 

by  keeping  the  dinitrate  of  ahiniina  on  the  ami 
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bath  till  it  lost  its  liquid  form,  lund  Me^aipe  a 

white  di*y,  crust  In  this  state  it  was  nearly  in- 
soluble ui.w^t)er»  tboK^h  it  was  not,  q^ite  desti^ 
tute  of  taste ;  it  did  aot  deliquesce  wheo  expose^ 
to  liie  air. 

grains  of  this  salt  being,  kept  for  half  an 

hour  in  a  strong  red  heat,  left  6'75  grains  of 
alumina^  equivalent  to  3  atoms  of  that  earth. 

a0*£5  grains  being  digested  with  carbonate  of 
barytes,  and  the  sohition  filtered  and  evaporated 
U>  dryness,  lett  grains  of  nitrate  of  ba- 

fytesy  which  contains  67  grains  of  nitric  acid. 
This  approaches  so  near  6'7^  grains,  that  it  is 
evident  tiie  constituents  of  tlie  s^lt  are 

1  atom  nitric  acid  C\'7r> 
3  ttbamB  alonnaa  iy75 
6  irtotas  water  6*7^ 

20«5 

Phosphate  of  alumina*  This  salt  was  ob-  Pbn^rfi«te» 

tained  by  mixing  together  solutions  of  alum,  and 
phosphate  of  soda  in  tlie  atomic  pi  oportions — 
no  precipitate  appears  at  first;  but  if  the  mix- 
ture  be  heated  a  white  jiowder  gradually  falls, 
which  is  phosphate  of  alumina.  It  is  tasteless, 
and  insoluble  in  water;  but  it  reddens  vegetable 
,. blues  powerfully.  9*125  grains  of  this  powder, 
well  washed,  and  dried  in  the  open.  being 
heated  to  redness  lost  3*37^  grains., .  Hence,  , , 
die  consUtuenu  ^ue  , 
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1  alflai  phosphoric  acid  .8-5 
1  atom  alnmuia  8-85 
S  atoms  water  3*875 

9*185 

AneaSm,  6.  Arsciiiate  of  altimiDa.  This  salt  was  ob- 
tained by  mixing  together  solutions  of  aJum  auJ 
arseniate  of  soda  in  the  atomic  proportions.  It 
is  a  white,  tasteless,  insoluble  powder,  not  un* 
like  phosphate  of  lime ;  but  it  strongly  reddens 
vegetable  blues. 

16-75  grains  of  this  salt  being  exposed  to  a 
red  heat,  lost  67^  grains  of  its  weight,  and  still 
reddened  vegetable  blues.  Hence,  the  consti* 
tuents  of  the  salt  are 

1  atom  arsenii  add  7'75 
1  atom  alumina  2-25 
6  atoms  water  6*75 

16*75 

QmuMe,  7«  Cbromate  of  alumina.  This  salt  beiqg 
very  soluble  in  water,  I  could  not  form  it  by 
double  decomposition^  but  when  chromic  acid 
and  hydrate  of  alumina  are  long  digested  to* 

gether,  a  fine  yellow  solution  is  obtained,  which, 
however,  I  did  not  succeed  in  analyzing  in  a 
satis&ctory  manner.  I  ascertained  merely  that 

the  salt  is  soluble  in  water,  and  that  it  has  a  yel- 
low colour. 

Accute^      8.  Acetate  of  alumina*  This  s^t  was  formed 
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by  digesting  a  mixture  of  acetic  acid  and  liy- 
drate  of  alumina  till  the  acid  was  saturated. 
No  heat  must  be  applied,  because  it  occinions  a 
precipitation  of  a  portion  of  the  alumina  from 
the  solution,  wbidi,  however*  again  dissolves 
when  the  liquid  cools.  A  portion  of  solution  of 
acetate  of  alumuia,  thus  ibrmed,  was  Mi  in  u 
covered  Wedgewood  evaporating  dish  for  six 
weeks  during  the  summer  of  The  whole 

liquid  evaporated  away,  and  left  the  acetate  of 
alumina'  crystallized  in  long  transparent  four- 
sided  prisms,  which  were  so  firmly  attached  to 
the  dish,  that  they  could  not  be  removed  with- 
out  destroying  their  shape.  This  is  the  only 
simple  salt  of  alumina  vviuch  I  have  yet  suc- 
ceeded in  obtaining  in  regular  crystals. 

The  portion  of  this  sah  which  I  subjected 
to  analysis  was  not  in  crystals,  but  in  the  state 
of  a  powder  obtained  by  exposure  to  a  very 
gentle  heat  9*625  grains  of  it  kept  for  some 
time  in  a  red  heat,  left  2'25  giains  of  alumina.* 
Hence  the  constituents  of  the  telt  fcrS  -  ■    ^  ^ 

1  atom  aiotic  acid  6*^5 
1  atom  alumina  S*25 
1  atom  water 

The  salt  hub  a  sweet  and  astringent  taste,  with 
something  of  the  havour  of  acetic  acid,  dissoh  es 
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very  readily  in  water,  and  reddens  vegetable 

blues* 

oiAiiu^      9.  Oxalate  of  alumina*  Oxalic  add  diasolwi 
hydrate  of  alumina  with  facility.   The  saturated 

aolutioQ  is  Uaxi^arent  and  colourless  ^  it  iias  a 
aweet  and  astringent  taate»  and  reddens  vcgetsu  j 
ble  blues.  When  evaporated,  the  oxalate  rf 
alumina  remains  beiuud  in  the  state  of  a  semi- 
transparent  amber'-coloured  crust,  very  simiiar 
in  appearance  to  gum,  or  albumen  which  lias 
been  diied  in  a  low  heat.  It  dissolves  with  &-  i 
ctUty  in  water,  but  may  be  exposed  to  the  air 
without  absorbing  moisture. 

10*125  grains  of  this  salt,  when  Icept  in  a  red 
heat  ibr  some  time,  leave  grains  ot*  alumina* 
\0'V25  grains  of  the  same  salt  were  dissolved  in 
water,  and  mixed  with  a  suihcient  quantity 
muriate  of  lime.  No  precipitate  fell ;  bat  a 
slight  white  powder  appeared  when  the  liquid 
was  heated.  It  was  evaporated  to  dryness  ia  a 
gentle  heat,  digested  in  water,  and  thrown  oo 
the  filter.  The  weight  of  the  oxalate  of  lime  re- 
tained on  the  filter  was  10  grains.  This  is  verj , 
nearly  equivalent  to  4*5  grains  of  oxalic  add. 
From  these  experiments  it  is  obvious  that  the 
constituehts  of  the  salt  are 


1  atom  oxalic  add 
1  atom  aluiDina 
3  atoms  water 


4-5 
a-375 


10-125 
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10.  Tartrate  of  ainminn.  Tartaric  acnl  dis.Tmmtit, 
solves  hydrate  of  alumina  with  iacility.  The  sa- 
turated solution  has  an  acid,  astringent,  and 
sweet  taste.  Being  cvapoiaieil  to  dryness,  the 
tartrate  assumed  the  form  of  a  white  semitrans- 
parent  viscid  mass,  having  a  slight  shade  of  yel- 
low, and  very  like  gum-arabic  in  appearance. 
On  exposure  to  the  air,  it  became  brittle ;  but 
still  continued  to  redden  vegetable  blues. 

11*625  grains  of  this  salt,  when  kept  for  iialf  au 
hour  in  a  red  heat,  left  2^  grains  of  alumina. 
I  found,  by  another  experiment,  that  the  acid 
contained  in  11*6^  grains  of  this  salt  just  satu- 
rate 4  grains  of  pure  soda.  Uehce^  the  consti- 
tuents of  the  salt  are 

1  atom  tartaric  acid  B'HS 
I  atom  ahimina  .  2*25 
1  atom  water        «  1*125 

If  any  consequences  can,  be  drawn  iVom  the  pre- 

ceding  list  of  aluminous  salts,  they  seem  all  to 
contain  >vater  of  crystallization,  though  tiie  num-  * 
ber  of  atoms  is  very  various.   Two  of  the ,  9alts 
contain  only  1  atom  of  water — two  conj^i^n  3^— 
two  (i— one  contains  7-^nd  one  10. 
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9-  PROTOSALTS  OF  IRON. 

'  Iron  combines  with  two  proportioiis  of  oogr^ 
gen,  and  both  oxides  are  capable  of  combining 
.With  acids.  I  siiall  in  this  section  considef  onlj 
the  salts  which  contain  protoxide  of  ifonfi>^  theic 

basis. 

1.  Protosulphate  of  iron.  This  well  knovn 
salt,  when  piiie>  is  transpaient,  and  has  a  lij^ 

green  colour  ^  and  is  crystallized  in  obUque 
prisms,  having  a  rhomb  for  their  base.  Itsceii« 

stitucnU  are  "  * 

1  atom  fliulphuric  acid  5 
1  atom  protoxide  of  iron  4*5 

7  atoms  water        .  7-87^ 

,  , 

5.  Protonitrate  of  iron.    1  obtained  this  salt  bv 

* 

dissoiving  iron  in  dilute  nitric  acid  till  the  add 
refiued  to  take  up  any  more  of  the  metsl.  The 
solution,  which  was  at  first  brown  and  opaque, 
became  gradually  transparent  by  the  escape  of 
nitrous  gas,  and  assumed  a  light  green  colour, 
with  a  shade  of  yellow.    It  was  concentrated 
under  the  exhausted  receiver  of  an  air  pump^ 
over  sulphuric  acid.    A  small  quantity  of  per- 
oxide of  iron  precipitated  when  the  greatest  part 
of  the  liquid  had  evaporated,  and  pretty  regular 
crystab  of  protonitrate  of  iron  were  formed. 
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They  were  in  riiombuidal  prisms,  were  transpa- 
rent, and  had  a  light  grem  ccdour ;  so  that  in 
appearance  they  bore  some  resemblance  to  pro- 
tosulphate  oi  iron.  This  salt  reddened  vege- 
table blues,  as  is  the  case  with  ail  the  soluUe 
salts  of  iron.  Its  taste  was  sweet  and  astrin* 
gent,  like  that  of  the  protosulphate  of  iron,  but 
harsher. 

'  34>'8  grains  oi'  these  crystals,  dried  on  blotting 
paper,  were  exposed  to  the  lieat  of  a  spirit  lamp 
in  a  platinum  vessel.  The  salt  melted,  became 
ydlow,  then  brown,  and  fumes  of  nitric  acid 
escaped.  The  residue  was  black,  had  tlie  mo* 
tallic  lustre,  and  was  not  attracted  by  the  mag- 
net. It  was,  therefore,  peroxide  of  iron,  and 
weighed  8*8  grains,  equivalent  to  7*9^  grains  of 
protoxide  of  iron.  The  weight  of  the  nitric  acid 
and  water  contained  in  the  34*8  grains  of  salt 
was  obviously  ^*88.  Now,  the  protoxide  of 
iron  in  the  salt  was  saturated  with  nitric  acid.  ' 
Hence,  it  is  easy  to  deduce  from  the  preced- 
ing experiment  the  constituents  of  the  salt) 
namely, 

1  atom  nitric  acid        .  6'75 
I  atom  protoxide  of  iron  4*5 
7^  atoms  water  8*iS75 

19*6876 

Probably  the  crystals  contaiiieii  only  7  atotios  of 
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witer  chenweaUy  eombined An  Ihe  salt;  ftir,  m 

the  crystals  were  only  dried  on  blotting  paper, 
witbout  much  pressuce*  1  think  it  likely  tiiat 
they  might  retain  a  little  water  kinged  medM^ 
csSty  between  their  plates.  If  that  suppostticm 
be  correct,  the  tnie  atmne  wei^t  of  tbeae  erj9* 
tab  will  be  19*1^. 

This  salt  cannot  be  preserved*  The  iron  is 
gradually  peroxydized»  and  the  crystals  deli- 
quesce. 

3,  Protocarbonate  of  iron.  It  would  be  di^ 
cult  to  form  this  salt  artifici^ly  ^  but  it  hi^,be9| 
(bund  native  at  Eulenloh  in  Bareuth,  and  in 
other  places,  crystallized  in  rhombs.^  It  has  a 
greenish  yellow  colour,  a  certaiix  degree  of  tian- 
parency,  and  a  specific  gi  avity  of  3*333.  liucholz 
analyzed  this  mineral  in  the  y^ar  1803,  Andipiitti 
its  constituents  as  follows :  r  * 

CatWiic  acid     '  .  S6 

Protoxide  of  iron  .  5^    '       *  ^ 

Lime       ,  •    .  *  S               i  i 

Water      ,      >  ' .  ;  9. 


The  carbonic  acid  was  estimated  by  the  weight 
lost  during  the  solution  of  the  salt  in  muriatic 
acid.  The  water  was  obtained  by  heatuig  the 
salt  to  redness  in  a  receiver.    The  lime  was  cal- 

•  Gchkn's  Jour.  I.  SSI. 
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cidated  from  5i  grains  of  carbonate  obtained 
during  Uie  experiment.  Bucbolz  estimated  it  at 
fF5  grains^  but  the.  true  quantity'  ia  obviously  S 
grains.  The  protoxide  of  iron  was  the  quantity 
requisite  to  make  up  the  100  grains  aaalyzad. 
NowTt  if  the  salt  were  a  compound  of 

1  Mom  otttMiiie  add  8-7^  or  sB 

t  atoni  praloxido  of  iron         4*5     -  '59 

7-25 

we  obtain  the  very  constituents  of  Buchoiz, 
The  lime»  consequently,  must  have  been  acci- 
dentally present,  and  not  in  the  state  of  combi* 
nation.  The  water,  amounting  only  to  ith  atom, 
must  have  been  mechanically  mixed* 

4.  Protophosphate  of  iron.  This  salt,  in  beau-  PMophoi. 
tiful  transparent  crystals  of  a  light  blue  colour, 
and  having  the  shape  of  right  oblique  prisms, 
has  been  found  in  Cornwall,  and  likewii,e  ia 
Brazil  and  the  Isle  of  l^Vance*  A  variety  from 
Eckartsberg,  in  round  nodules,  and  not  crystal- 
lized, was  analyzed  by  Klaproih,  who  iuuiid  its 
constituents 

Phosphoric  add       .  32 
■    IVotooddeeriroit  '41^.5^ iw^i^.*^  >'*f 

I.:..         Water    .     .         fsso^f/ yrtimlj ■/>:*'ii 

•  Ikitrage,  IV.  it4. 
Vol..  J  I.  '  X 
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ThM  approaclM  - 

1  atom  phosphofic  add  3-5 

1  atom  protoxide  of  iron  4-5 

2  atoms  water        .        .  2*25 

But  this  dii&rs  a  good  deal  irom  the  result  oi* 
Laugier's  analysis  of  the  crystals* 

The  phosphate  of  iron,  which  occurs  in  fine 
tiiaii^|>arent  blue  crystalsi  was  analysed  by  Stro- 
ttftyii', 'itod  found  composed  of 

Phosphoric  acid  •  2-7 S 
Water  12-42 

S'79* 

This  is  obviously 

1  atom  pluMpborie  add  S*5 
1  atom  protoxide  of  iron  4*5> 

3  atoms  water       .       .  3*376 

11-375 

Dipnicm.  5»  Diprotai^eniate  of  iron.  This  salt  is  foottrf 
iliktive,  crystallized  in  smaR  cubes»  which  hate 
a  dark  green  colour,  and  a  specific  graxitv  of 
8:  It  may  be  formed  artificially  by  mixing  to* 
gethei^  scdutSoiis  of  arseniate  of  ammonia  and  ]lfo^ 
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tosulphate  of  iron.    Its  constituents,  accoriUng 
to  the  analysis  of  Cbenevix,  are 

Arsenic  acid  SB     <k  7*75 

Protoxule  ot*  iron     43      *  8-77 
W«ier     .      .      19     "  3-87^ 

100  . 

The  last  column  gives  tlie  proportions  of  the 
conatituentSy  supposing  the  quantity  of  arsenic 
acid  to  be  7*75»  or  an  atom.  877  approaches 
very  near  9,  which  is  2  atoms  protoxide  of  iron; 
and  3*875  is  very  near  3*9375,  or  3^  atoms 
water.  The  true  constitution  of  the  salt  is  pro* 
bably 

1  atom  amniG  acid       .  7-75 
S  atomi  protoxide  of  iron  9 
S  atomn  water  •  •  3*375 

80*185 

6«  Protacetate  of  iron.  This,  salt  was  first 
described  many  years  ago  by  Sir  Humphrey^' 
Davy,  wlio  gave  an  account  of  it  iu  his  i^. 
sffTfihes^  When  uosxt  or  sulphuret  of  iron  ia 
4i^ved  in  acetic  acid,  the  soliition  haa  a'ligh^ 
gjreen  colour,  and  is  transparent.    I  attempted' 

Ip.^ti^r  tbia  liquid  tp.  gpt  44.  tja^ .  jMfldi^aalKf^, 
iron  ;  but  the  liquid  absorbed  oxygen  from  the 
atmosphere  witli  inconceivable  rapidity,  and 


pmed  thraagh  the  filter  npflnpin  and  aUnest 

-  blac  k.  I,  theret'ure,  put  a  quantity  of  the  unfii- 
tered  liquid  under  the  receiver  of  au  air  pump 
along  with  sulphuric  add,  and  kept  k  in  a  good 
vacuuiii  till  the  salt  L^c.ime  6ry.  By  this  pro- 
cess a  portion  of  the  salt  at  the  surface  became 
dark  coloured ;  but  the  portion  next  tiie  bottom 
of  the  vessel  vvaa  in  a  beautirnl  nbiuus  for  in,  and 
nearly  white,  at  least  the  shade  of  green  was 
very  slight.  The  salt,  when  thus  dry,  might  be 
left  exposed  to  the  air  for  days  without  uiiJt  r-- 
going  any  alteration.  Its  taste  was  sweet,  astrin- 
gent, and  acid,  and  it  reddened  y^etable  hhm. 
It  dii>i»olved  readily  in  water,  and  the  solutioQ 
becomes  immediately  dari^  coloured* 

To  determine  its  composition  I  dissolved 
14*125  grains  of  it  in  water,  and  added  to  llie 
solution  18  grains  of  crystallized  carbonate  of 
soda.  The  oxide  of  iron  was  all  precipitated, 
the  residual  lic^uid  contained  no  iron,  and  did 
not  alter  the  colour  of  vegetable  blues.  Now, 
IS  grains  of  crystalUzed  carbonate  of  soda  con- 
taip  4  grains  of  soda,  which  require  for  satura- 
tion 6*^  grains  of  acetic  acid,  pres&t  in  1^*19^ 

grains  of  the  salt.    The  iron  being  collected  and 

pecosided,  weighed  almost  ew^ly  5  giaijB% 
equivaleat  to  1r5  gfains  of  p^roziob  of  iioa. 

i rom  these  experiments  the  salt  was  ubv^^u^y 
composed  of 


Digitized  by  Google 


OF  mow.. 


1  aim  aoetio  add  6*25 
I  atom  soda  4*5 

3  atoma  water  S*375 

ii^Q  doubt  the  crystals  of  protaceUte  of  iron  de- 
fpribed  by  Dnvy,  contain  more  water  than 

my  fibrous  salt,  but  I  had  not  an  oppoitunity  of 
examining  tbem,  as  no  crystals  formed  when  the 
B(^lution  was  evaporated  under  the  air  pump. 

7.  Protoxalate  of  iron.  This  salt  is  easily  ob-^'^oto"- 
taiiie4  by  pouring  ozalic  acid  into  a  solution  of 
protosolphate  of  iron ;  it  instantly  falls  in  the 
state  of  a  beautiful  yellow  powder.  When 
heated  moderately  on  the  sand  bath  it  gives  off 
water  and  becomes  brown— soon  after,  it  catches 

fire  and  burns  Uke  tinder.    Its  constituents  sae, 

1  atom  oxalic  acid  4*5 
1  atom  protoxide  of  iron  4*5 
S  atoms  wattr  2-25 

11*85 

8.  Pft>totartrate  of  iron«  This  salt  was  obtained  Proiour. 

by  nuxiiig  ratlier  concentrated  solutions  of  pro- 
tosulphate  of  iron  and  tartrate  of  potash  in  the 
atomic  proportions.  On  setting  the  mixture 
atide  for  twenty-four  hours,  a  consideiable  de- 
|tt»it8  of  tartrate  of  iron  was  found  encrusfeing 
the  bottom  and  sides  of  the  vessel.  This  salt 
was  in  transparent  crystals,  but  so  nregular, 
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that  their  ghape  could  not  be  MQOrtnUed  v  tho 

greater  number  of  them  were  nearly  globular. 
They  were  hard,  not  altered  by  exposure  to  the 
air,  and  had  an  inky,  though  weak  taate-  ^ 
grains  of  these  crystals,  when  exposed  to  as 
strong  a  heat  as  they  could  bear  without  decom- 
j)osition,  lost  3-8  grains.  W!ien  th^  hettt  %as 
raised  to  about  600°,  the  salt  blackened,  and  lost 
about  IS  grains — being  exposed  to  a  red  beat, 
the  residuum  was  reduced  to  6'8  grains-^t  was 
sensibly  magnetic.  It  was  therefore  dienched 
with  nitric  acid,  and  exposed  to  a  heat  niaed 
gradually  almost  to  redness.  The  weight  of  the 
residue  was  now  increased  to  6*688  grains,  equi- 
vaknt  to  6*01^  grains  of  protoxide  of  iron, 
and  6-012  :  4-5  :  :  £0  :  14-97.  From  this  it  is 
obvious,  that  1^  grains  ot  the  salt  contain  just 
4*5  grains  of  protoxide  of  iron.  Conseqpieiitly, 
its  constituents  must  be 


1  atom  tartaiie  Mid  S*95 

1  atom  protoxidtt  of  iron  4*5 

2  atoms  water  S*S5 

■ 

15 

The  preceding  list  is  rather  too  scanty  to  per- 

mit  us  to  draw  any  inrerences  with  re^ipect  to 
the  water  dL  crystailization  qf  the  fcrrugiiaoiii 

'ft  !•'•.*  t  t 
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Tviv  tht  pnitonilate  v^d  protodinniitey  o^ntiuii  ft  ftirnis 

•water. 

'J'lircc.  the  phosphate,  diproUirseniate,  ami  acetate,  contain 
8  atoms  water. 

Two,  thff  nd^mte  and  nimte^  oontaia  7  atonn  water. 

It  \m  he^n  already  observed,  that  the  chro- 
mate  of  iron  does  not  exist 


10,  PfiHSALTS  Ot  IttON. 

Few  of  these  salts  being  capable  oi  crystaUu- 
ingf  thejr  have  not  hitherto  been  subjected  to  a 
rigid  examination  ;  most  of  them,  as  far  as  my 
experieoce  goes,  are  sesquisalts,  agreeing  with 
Gay-Lvssac's  law,  that  the  quantity  of  acid 
necessary  to  saturate  an  oxide  increases  with  its 
oxygen  ;  but  to  this  rule  there  occur  maoy  ex- 
ceplioos. 

1.  Persesquisulphate  of  11  on.    When  a  poi'^ic)n  J^^'^^jJ^- 
of  protosuiphate  of  iron  is  peroxidized  by  aieans 
of  nitric  add,  and  cautiously  concentrated  till 

the  whole  nitric  acid  is  dissipated,  we  obtain  a 
red  coioured  mass,  which  dissolves  only  partially 
mtwatbR  The  eolntion  hasia  rad  oolonr  wltii  a 
t^tit  of  yellow— -the  taste  is  astringent  and  veiy 
baMb*  Wibeni evaporated. .to  di^inesB'  it  ^spaedidB^ 
abeorbs  moisture,  and  deliquesces  into  a  liquid 
— alcolioi  dibsoives  it  readily.    It  strongly  red- 

X4 
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dens  vegetable  blues.  This  salt,  at)stractin^  the 
water  which  could  not  be  determined,  is  com- 
posed of  » 

1^  atom  salpnuric  acid  < 
li  iJLjii  flwii  Y  ^^^^  peroxide  of  iron  5 

li'ti;...  I-/  '   " 

pcrtetni-  '  ''2.   Pertetrasulphate  of  iron.    The  insoluble 
sulphate,    pQj^iQ,^  remaining  after  the  persesquisulphate  of 
iron  has  been  extracted,  is  a  red  coloured  pow- 
der  destitute  of  taste,  and  insoluble  in  water. 
It  is  anhydrous,  and  composed  of 

1  atom  sulphuric  acid  5 

4  atoms  peroxide  of  iron      20  * 

It  is,  therefore,  a  pertetrasulphate  of  iron. 
Pewe^qui.     3,  Persesquinitratc  of  iron.    This  salt  forms 

nitrate,  *  1         t  /» 

large  and  pretty  regular  ciystals.  It  was  first 
noticed  by  Vauquelin,  above  ^  years  ago,  who 
formed  it  by  leaving  nitric  acid  f  or  a  long  period 
in  contact  witli  black  oxide  of  iron.  The  errs- 
tals  form  spontaneously  in  the  liquid.  The 
crystals,  when  first  formed,  are  transparoit  and 
colourless,  but  when  kept  for  some  time  they  ac- 
quire a  brownish  tinge  5  I  have  obtained  tbeni 
in  flat  colourless  rhomboids,  and  in  four-sided 
right  prisms  with  square  bases.  The  prisms  are 
frequently  six-sided  from  the  truncature  ot'  two 
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of  tfie  edges  of  the  prism,  or  ei^^ht-sided  from 
the  tnincatmeiof  «U  the  edges*  The  taste  isias* 
tdngent  and  acid,  and  the  ctystals  redden'  Vtge- 
table  bhies  very  powerfully.  They  deliquesce 
rapidly  when  exposed  to  the  air ;  when  heated, 
they  melt  in  their  water  of  cn  stallizatioii,  and 
the  Uquid  has  a  deep  yellowish  red  colour.  The 
rapidity  with  which  these  crystals  absorb  water 
makes  it  difficult  to  analyze  them  with  perfect 
accuracy. 

I  found  that  50  grains  of  them,  when  gradually 
evaporated  to  dryness  and  finally  exposed  to  a 
red  heat,  leave  very  nearly  10  grains  of  peroxide 
of  iron. 

24*125  grains  of  the  crystals  were  dissolved  in 
water,  and  the  solution  mixed  with  a  solution  of 
10*1^  grains  of  anhydrous  carbonate  of  soda. 
Wlioii  the  iron  had  subsided  and  the  carbonic 
acid  had  been  allowed  time  to  dissipate,  the  re- 
sidual liquid  was  found  to  have  the  property  4>f 
firivin^  a  slightly  purple  colour  to  cutlbcar  paper; 
butiiifiuBU  one  drop, of  muriatic  acid  was  added 
this  property  was  destroyed,  and  the  liquid  red- 
dened litmus  paper.  Hence,  I  conceive  that  the 
•  aoid'm  grains  of  the  salt  ia  just  neutrali«« 
ifid  'bjrtfae.soda  in  1(>*1£5  grains  ef.aoli^diieais 
^cafboQjiile  of  soda.  But  1012^  caibonate  of 
'addaiiiieqniv&lent  to  ^tm^^f  .9odsL  'f 
queudy^*  €4^125  of  the  salt  must  contain  U.atom 
of  nitrioacifiL   The  wftter  absorhed  by  the  f^sys- 
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tiil%  wUle  weighing,  .aieccnmts  far,  the  ioudl  wbu 

plus  of  soda  ill  the  liqulil  after  mixture  :  this  is 

aiso  tb»  reason  ot  tiie  slight  deficiency  of  4)iide 
of  uon  foaod  in  the  firtt  fMit  of  tlw  analysk. 

The  salt  is  obviously  compoi><^ii  of  '  '-s 

l^*  atom  nitric  «cid  10rl2§  • 

1  atom  peroxide  of  iron     S  •  -  r 

8  atoms  water  9 

24-125 

5ubpern»-      k  ^ubperuitiate  of  1100.    This  salt,  obtaiped 
^      by  dryipg  the  pemitrate  in  rather  a  high  tem- 
perature, has  been  analyzed  by  M*  Grouselk^ 
who  iouiid  its  coastitueuts  as  follows : 

1  atom  nitric  add  6*75 
a  atoms  peroxide  of  iron  40 
S  atoms  wafer 


« 

5.  Persesquiphosphate  of  iron.    This  salt  is 
pi>o.i.iiiite,  ^}|y  formed  by  mixing  solntioas  of  persulpfaale 
of  iron  and  phosphate  of  soda  together  in  the  re- 
quisite proportions.    It  is  a  white  powder,  taste- 
less and  insoluble  in  water. 

To  determine  the  composition  of  this  salt  I 
proceeded  in  the  ibiiowing  \%niy : — 173'75»grain« 
(e(|iiivalent' to  10^  atoms)  of  the  crystMs  df  ^pro^ 

*  Ann.  de  Chim.  ct  <k  Vbyt,  XIX.  13%, 
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tosulphate  cf  im  were  diBSolved  tin  witer,  aod 

the  oxide  peroxidized  by  digesting  the  solution 
with  a  litde  nitric  add.   After  the  peroxidatioii 

was  completed,  I  saturated  the  excess  of  nitric 
acid  still  remaining,  as  nearly  as  possible,  by  am- 
monia, and  added  a  solution  of  315  grains 
(equivalent  to  15  atoms)  of  phosphate  of  soda. 
After  the  perphosphate  of  iron  had  subsided,  I 
found  that  the  residual  liquid  still  contained  iron, 
owing  to  an  excess  of  nitric  acid  which  it  still 
contained ;  but  on  adding  a  few  drops  ot  am- 
monia, a  little  perphosphate  of  iron  precipitated, 
and  the  liquid  was  now  perfectly  free  from  iron. 
The  perphosphate  of  iron  thus  obtained,  was 
dried  on  the  filter  in  a  gentle  heat;  when  it 
ceased  to  lose  weight  it  was  weigiied,  and  then 
exposed  to  a  red  heat ;  the  loss  of  weight  was 
noted,  and  considered  as  water.  The  anhydrous 
2»alt  was  now  composed  of  peroxide  of  iron  and 
phosphoric  acid. 

The  peroxide  of  iron  from  173*75  grains  of 
protoaulphate  of  iron  is  50  grains  ;  the  phospho- 
ric acid  in  315  grains  of  phosphate  of  soda  is 
32'5  grains.  Now,  the  anhydrous  salt  only  ex- 
ceeded 10^*5  grains  by  about  2  graius  ^  hence, 
it  is  evident  that  the  anhydrous  salt  is  a  perses- 
quiphosphatc  of  iron.  19*25  grains  of  the  salt, 
aa  dried  on  the  filter,  when  exposed  to  a  strong 
red  heat,  underwent  a  kind  of  semifiision,  and 
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lost  9  grains  of  its  weight.  Hence,  the  consti- 
tuents of  this  salt  are 

i  rii  *'  '    I J  atom  phosphoric  acid  5*25 

I      1  atom  peroxide  of  iron  5 

^    i  .  8  atoms  water  ...  9 
'  i  n  • »  J    *  • :      .  .  :   

.:    •      !  I  19-25 

* 

V     If      f,       '  r 

Pertru-  G.  Pertrisphosphate  of  iron.  Wlien  the  pre- 
pbosphatfi.  ^g^jj^g  g^i^  jg  digested  in  caustic  potash  ley  it 

assumes  a  deep  brownish  red  colour.  The  new 
salt  thus  formed  is  tasteless  and  insoluble  in 
water.  When  heated  to  redness,  the  colour  be- 
comes darker,  indeed  almost  black.  I  find,  that 
when  21 'Sy^  grains  of  this  salt,  dried  on  tlie  filter 
in  a  gentle  heat,  are  heated  to  redness  in  a  pla- 
tinum crucible,  the  loss  of  weiglit  is  3'5  grains ; 
.  which  is  equivalent  to  3  atoms  water  very  nearly. 
I  found  that  50  grains  of  persesquiphosphate  of 
iron,  when  digested  in  potash  ley,  left  19  grains 
of  the  red  salt  after  exposure  to  redness ; — 
knowing  the  quantity  of  peroxide  of  iron  in  the 
persesquiphosphate,  it  is  easy  to  see  that  the  red 
salt  is  composed  of 

'  i  atom  phosphoric  acid  S'5 
3  atoms  peroxide  of  iron       15        •  *. 
3  atoms  water        .       .       3*^75  .  : 


21-875  * 

It  is,  therefore,  a  pertrisphosphate  of  iron. 
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11.  SALTS  OF  NICKCJU 

Oaly  tiie  protoxide  o£  nickel,  as  far  as  is 
known,  combines  with  bases.  These  salts  have 
hitherto  been  very  imperfectly  investigated. 

1.  Sulphate  of  nickel.  This  salt  has  a  beauti*  Suiphatcb 
fill  grass  green  colour,  and  crystallizes  in  two 
forms:  1.  Rhombic  prisms,  exactly  similar  to 
those  of  anlpbate  of  ziac.  In  squ«re  prisius» 
This  last  is  the  fofm  which  they  assume  irfaeo 
4here  is  an  excess  of  acid  in  the  solution; — I 
Jiave  analjpced  both  without .  findii^  any  djj^ 
fecence  'between  them*  Mr.  R.  PhilKpi  Ibufid 
a  very  sUght  excess  oi'acid  iu  the  square  prisms, 
wliicb  was  probaUy  only  mecbf^nically  lodged 
between  tiie  plates  of  the  ctystals*  The  conHi* 
tuenta  of  this  salt  are 

I  atom  sulphuric  sdd  5 

1  atom  proundde  of  nickel 

7  atoms  water      •  7'875 ' 

e.  Nitrate  of  nickel.  This  salt  crystallizes  in  mxa^ 
Ibur-sided  oblique  prisms  ;  it  has  a  green  colour, 
not  quite  so  fine  as  that  of  sulphate  of  nickel. 
I  do  not  find  it  to  undergo  any  alteration  though 
lei't  exposed .  to  the  air.  Its  composition,  ac- 
cording to  the  analysis  of  it  made  in  my  labora- 
tory, is  asjpllows;     ,  ^    ,  ,„  ,    . .  ,i 


Digitized  by  Google 


534 


1  atom  nitric  acid  6*75 
1  atom  protoxide  oC  nickel  4*25 
5  atoms  water  5-625 

8.  Carbonate  of  oickeK    This  salt  is  easily 

obtained  by  precipitating  a  solution  of  sulphate 
of  nickel  by  carbonate  of  soda,  collectiog  the 
precipitate  upon  a  filter,  and  allowing  it  to  dry 
in  the  open  air,  alter  having  been  thorougbij 
washed.  It  is  a  light  green  tasteless  powdert 
insoluble  in  water;  but  dissolving  with  eftp- 
vescence  in  acids.  20  grains  ot  it,  when  expos- 
ed to  the  heat  of  a  spirit  lamp  in  a  platiomn 
crucible,  give  out  water  and  carbonic  acid ; 
and  a  black  powder  remains,  weighing  10*58 
grains,  equivalent  to  9*466  grains  protoadde  of 
nickel.    Hence,  the  constituents  of  the  salt  are 

Carbonic  acid  6*\^5    or  «*75 

ProtoKideof  nickel  9*^6    -  4*2^ 
Water       .  .    .    4^    -  3-3^ 

80-000 

The  lant  colufoi^  giviRg .  us^  the  ratios  of  the 
constituontfli,  sb^ws  th^  the  cooBpositioQ  of 

salt  if  t      »  .<i  • ,  /. 

*  1  atom  carbonic  acid  2*75 

►*     ,  1  atom  prot<ixide  of  nickel      4*^5   "*  .» *» 

!        S4«fn»8  ]««tfit;.    .  .  ^   .,     S*37a  .  u 

■  wat*'- 
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4.  Phosphate  of  nickel.  This  salt  was  ob-  Phosphate, 
tained  by  mixing  together  solutions  of  sulphate 

of  nickel  and  phosphate  of  soda  in  the  atomic 
proportions.  The  phosphate  of  nickel  imme- 
diately falls  in  tlie  state  of  a  green  light  powder. 
When  dried  on  the  filter,  after  having  been  well 
washed,  it  has  a  light  pea  green  colour ;  is  taste- 
less, but  adheres  to  the  tongue ;  and  is  insoluble 
in  water.  1 1  •Sy^  grains  of  it,  exposed  to  a  red 
heat,  lost  3*375  grains  of  their  weight.  Hence," 
the  constituents  of  this  salt  are  '  ' ' 

» 

1  atom  phosphoric  aciil  S'5 
1  atom  protoxide  of  nickel  4*25 
3  atoms  water        .       .  3'37A 
•  — ^— 

11125 

5.  Arseniate  of  nickel.  This  salt  may  be  ob-  A.sonintf, 
tained  by  mixing  together  solutions  of  sulphate 

of  nickel  and  arseniate  of  soda  in  the  atomic 
proportions.  The  arseniate,  while  moist,  has  a 
light  green  colour ;  but,  when  the  salt  is  dried 
upon  the  filter,  the  colour  deepens  into  a  dark 
leek  green.  It  is  tasteless,  and  insoluble  in 
water;  yet  it  slightly  reddens  vegetable  blue^. 
When  heated  on  the  sand  bath  in  a  temperature 
of  about  500°,  it  gives  out  two-thirds  of  its  wa- 
ter, and  becomes  dark  brownish  yellow.  In  a 
red  heat  it  loses  the  whole  of  its  water,  and  be- 
comes dark  brown.    Its  constituents  are 
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1  atom  ar&euic  acid  .  7'7^ 
I  atom  praCoxide  oC  nickel  4*25 
6  lUNni  water  $'75 

18-75 

At  the  temperature  of  5(Xf ,  it  parts  with  4  atoms 
of  wftter ;  but  retaiii&  S  atoois. 

6b  Binarseniate  of  nickeL  When  anenie  add  ia 
digested  upoa  carbonate  of  nickel,  no  apparent 
action  is  perceptible  for  aometimo;  bot  in  afevr 
days  the  liquid  acquires  a  fine  green  colour,  and 
the  portion  of  carbonate  of  nickel  which  does  not 
dissolve  assumes  the  peculiar  shade  of  green 
which  characterizes  the  aiseniate  of  nickel  while 
moist.  When  all  action  was  at  an  end,  tlie  It- 
quid  was  filtered,  and  gently  evaporated  to  diy* 
ness,  on  the  sand  bath.  No  crystals  appeared; 
but  a  yellowish  green  matter  was  deposited,  ra- 
ther bulky,  and  having  a  good  deal  of  dipinmi* 
ness.  To  free  it  from  adhering  moisture,  it  was 
placed  between  the  tblds  of  blotting  paper,  and 
exposed  for  £4  hours  to  considerable  pressure. 
In  this  state  it  was  insoluble  in  water,  had  a 
slightly  add  taste;,  and  reddened  vegetabte  blacs 
poweriiiUy*  It  wasy  therefore,  a  Unaiaeniaae  «f 
nickel.  60  gri^i^s  of  it,  when  exposed  to  a 
heat,  becaooe  yellow,  and  lost  18*4  grains  of  its 
weight ;  but  it  still  reddened  vq;etable  Uiies  as 
powerfully  as  ever,  from  this  experiment  I 
consider  the  salt  as  a  compound  of 
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S  atonu  inentc  acid  '  15*5' 

1  atom  oxide  of  nickel  4*25 
10  atoms  water         .       II  "SS 

SI 

74  Chranate  of!  nickel.   Thia  ialt  was'  <>btaiii^  chrmie* 

cd  by  mixing  together  solutions  of  chromate  of 
poUsh  and  sulphate  of  nickel.  No  precipitate 
appean  at  irsU  but areddiih  brovrn  powder  gnu 
dually  falls  j  and  the  precipitate  is  increased  by 
av^KMMitiiig^  tiqaid.  Thia  depQslte»  when 
washed  and.  driedi  ia  rather  a  beautiftil  redcUah 
brown  powder,  destitute  of  tante,  and  not  aiiect- 
nig  Tagetable  bluea»  16^  grams  of  it,  when 
heated  to.  redness  assumed  a»dKiFe  greeti  colour, 
aad  lost  4i'4^  grains  of  weight.  Hence  it  was  a 
compouml  of 

\       .  1  atom  chromic  acid  6*5 

.  .  1  atom  oxide  of  nickel      4*2 o 

■ 

,  4  atoms  water        •  4*5 

1525 

■ 

'  »8.  Acetate  of  nickel.  This  salt  was  obtained  Acttatr, 
hy  dissolving  carbonate  of  nickel  in  very  strong 
acetie  add.  The  eatbofiate  dissolved  rapidly 
with  a  strong  effervescence.  The  saturated  so- 
lution is  dark  gpeen.  Whm  set  aside,  it  grn^ 
duaiijr  depoaites  acetate  of  nickel  in  hght  green 
crystals.    The  form  of  these  crysUils  is  a  rhoni- 

Voi..  II.  Y 
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bold ;  but  the  salt  has  a  great  tendency  to  con- 
crete at  the  bottom  of  the  vessel  in  the  iurm  of 
saline  crusts»  without  any  r^ular  form.  This 
salt  is  very  soluble  in  water,  and  slightly  reddens 
vegetable  biues,  even  af\er  ha;vinig  been  twice 
crystallized.  Its  taste  is  at  fiiat  aweetisb*  then 
it  leaves  an  impression  similar  to  that  of*  sulphate 
oi^zioc^  but  much  weaker.  When  exposed  in  a 
{^inum  crucible  to  the  heat  <rf*  a  spirit  lamp*  it 
did  not  melt;  but  gave  out  water,  having  a 
digbt  smeU  of  acetic  acidt  and  a  weak  artdiiloys 
tis8te»  and  gmdually  assumed  a  yellowiah  green 
colour.  It  then  took  tire,  aud  burned  like  tiu- 
der»  leaving  an  oxide,  which  was  digested  ia  ni* 
triti  acid  to  convert  it  into  peroxide  of  nickel 
50  grains  of  the  crystals,  when  treated  in  this 
way,  left  1^*71  grains  of  peroxide  of  nHckd, 

equivalent  to  13*16L^  strains  of  protoxide.  From 
this  experiment  it  follows,  that  acetate  aicid 
is  composed  of 

Acetic  19*3551    or  6-25 

Protoxide  of  nickel  I3  l6l5     -  4-25 
Water   ■      .        17*4834    -  5*645 

50-0000 

5  045  Ji tiers  so  little  from  5'Cyl5,  or  5  atoms  of 
water,  that  we  can  liave  no  hesitation  about  con- 
sidering the  salt  as  composed  of 
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1  atom  acetic  acid  .  6*25 
1  atom  protouck  of  nickfil  4*25 
5  atoms  w«ler  •  5*625 

1&125 

9*  Oxalate  of  nickel.   This  salt  was  obtained 

by  mixing  together  solutions  of  sulphate  of 
nickel  and  oxalate  oi'  ammonia  in  the  atomic 
proportions.  For  some  minutes  the  mixture 
tained  its  transparency,  but  by  degrees  it  be- 
came opaque,  and  pxalate  of  nickel  was  slowly 
deposited.  Very  nearly  the  whole  oxalic  add 
and  oxide  of  nickel  were  deposited}  only  traces 
of  them  could  be .  detected  in  the  supematunt 
liquid.  The  oxalate  of  nickel,  when  well  washed 
and  dried  in  the  air,  was  a  light  green  powder 
destitute  of  taste,  and  insoluble  in  water. 

20  grains  of  this  salt  when  heated  on  the  sand 

bath  lost  1*66  grains.  It  was  now  exposed  to  a 
red '  heat  till  thoroughly  calcined.    There  re- 

nianied  a  dark  brown  powder  which  did  not 
effervesce  nor  dissolve  in  cold  nitric  acid, 
though  a  solution  was  slowly  eflfected  by  the 

assistance  of  Jieat :  hence,  it  was  peroxide  of 
nickel.  It  weighed  7  grains,  equivalent  to  6*^63 

grains  of  protoxide  of  nickel.  The  constituents 
of  the  salt  from  this  experiment,  were 

Oxalic  acid  n»631    or  4-5 

Protoxide  of  nickel    (yS6fi    -  4*25 
Water  7-1  of)    -  4-822 

20000 
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Hence»  there  can  be  no  doubt  that  the  salt  is  a 
compound  of 

1  atom  oxalic  acid  4*5 
1  atom  protoxide  of  nickel  4*25 

13*25 

The  O'Sj^  of  surplus  water  found  by  experi- 
ment, was  no  doubt  lodged  mechanically  in  the 
powder.  It  is  scarcely  possible  to  avoid  such 
slight  excesses  of  water»  when  we  examine  ft 
salt  wliich  forms  only  a  powder,  because  there 
is  no  criterion  by  which  we  can  know  w^ea  all 
the  hygrometrical  water  is  drivea  off|  slid  ii 
many  cases  it  would  be  hazardous  to  attempt  to 
drive  it  off  by  heat  On  the  sand  bath  the  tfli 
loses  very  nearly,  but  not  quite,  an  atom  of 
ter:  for  IS*^  grains  would  have  lost  I'OSSJi 
grains.  Probably,  had  the  heat  been  oontiDuei 
long  enough,  the  loss  would  have  amounted  to 
exactly  an  atom,  leaving  d  atoms  of  water  still 
united  to  the  salt. 
Tartitte.  10.  Tartrate  of  nickel.  This  salt  was  loi  m  :t; 
by  dissolving  carbonate  oif  nickel  in  tartaric 
acid ;  a  green  solution  obtained,  whiA 
when  evaporated  to  dryness,  left  a  light  olive 
green  powder,  which  was  tasteless,  insoluble  Ia 
water,  and  producing  no  alLeratioii  on  vegetsbfe 
blues.  It  was  anhydrous,  for  12*88  grains,  when 
exposed  to  the  strongest  heat  which  it  couU 
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bear  without  decomposition,  lost  only  0'3S 
graiUy  equivalent  to  one-third  of  an  atom,  evi- 
dently liygrometiicaL  Hence,  the  constitaents 
of  the  salt  are 

1  atom  tartaric  acid  8*25 
1  atom  protoxide  of  nickel  4*25 

12-5 

The  salts  of  nickel,  in  general,  contain  a  gootl 
deal  of  water  of  crystallization,  though  like  the 
other  genera,  there  is  a  considerable  difference 
in  this  respect  between  the  species.  The  tar- 
trate alone  is  anhydrous— the  carbonate  and 
phosphate  contain  3  atoms  water — the  oxalate 
and  chromate  4— tiie  nitrate  and  acetate  d-— 
the  arseniate  contains  6— the  sulphate  7,  and 
the  binarseuiate  10* 


1£.  SALTS  OF  COBALT. 

1.  Sulphate  of  cobalt.  This  salt  has  a  deep  ^^iptuite, 
red  colour*  and  crystallizes  in  rhombic  prisms, 

similar  to  the  form  of  sulphate  of  iron.    Its  con- 
stituents are 

I  atom  siilpluirn  ucid  5 
]  atom  protoxide  of  cobalt  4*25 
7  atoma  water         .  7'H75 

17125 
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BiwirfaMib    «.  Bisulpbate  of*  oobslt   When  sulphsto  of 

cobalt  is  ciystallized  in  an  excess  of  acid,  long 
ibur-sided  prism  are  obtained,  wbich  speediijr 
effloresce  on  the  surface  when  exposed  to  the 
air,  but  do  not  liali  to  powder.  These  cry^ 
contain  twice  as  much  add  as  the  neuu^  sak» 
snd  are  composed  of 

S  atoms  sulphnrie  icid  10 
1  ataai  protoude  of  cobalt  4*8 
i  atomt  water  .  S-S75 

sjiurau,       3^  Nitrate  ot  cobalt.    This  salt  is  easily 

tained  by  dissolving  cobalt  or  its  oxide  in  nitiK 
acid.  The  solution  has  a  deep  red  colour,  iiiiti 
when  su£Sciently  concentratc^l^  deposites  cits' 
tals  of  nitrate  of  cobaIt»  which  have  a  red  coloui 
with  a  shade  of  brown«  They  seem  to  be  rhoD- 
boidst  but  are  always  so  interwoven  and  imgu- 
lar,  tluit  it  is  difficult  to  recognise  the  true  fonit 
They  deliquesce  ratlier  rapidly  when  exposed  to 
the  air.  Their  taste  is  acrid  and  bitter,  sni 
they  redden  vegetable  blues. 

17*7^  grains  of  the  crystals  of  this  salt  were 
heated  in  a  platinum  crucible*  In  a  modtrate 
'■heat  tliey  melted  in  Uieir  water  of  crystal  ii/iitit>fl» 
•and  eontimsed  tor  a  oonsiderable  time  to  give 
^out  nothing  but  pure  water.  At  last  when  the 
^'greatest  part  of  the  water  was  diftsipftty^^  aaJ 

16 
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the  heat  rather  Hicreasedt  fumes  of  nitric  acid 
came  over  In  abioidmoet  .aiid  the  matter  in  the 
orueiUe  CMtfretod  into  a  bkek  ma$9»  whiqb, 

aiter  exposiue  to  a  red  lieat,  weighed  4*8  grains : 
it  was  peroxide,  and  eqiuTalent  very  nearly  to 
4^  grains  of  protoxide  of  cobalt   17*7^  grains 

of  the  crystals  were  dissolved  in  water,  aud  di- 
gested with  carbonate  of  barytes  till  the  liquid 
became  colourless*  The  supernatant  liquid  being 
then  drawn  off*  and  evaporated  to  dryness,  left 
16*5  grains  of  nitrate  of  barytes,  equivalent  to 
6*S4  grains  of  nitric  acid.  This  is  somewhat 
less  than  6*75,  the  atomic  weight  of  nitric  acid. 
The  cause  of  this  diminution  of  wdght  is  the 
filter,  thiough  which  the  solution  of  nitrate  of 
barytes  was  passed.  It  contained  some  sulpliale 
of  lime  which  decomposed  a  portion  of  nitrate 
of  barytes,  snbsiii iiting  nitrate  of  lime  in  its 
place.  From  tiie  preceding  analysis  it  is  evi* 
dent^  that  the  constituents  of  tliis  salt  are 

1  atom  nitric  acid  .  6*75 
1  atom  protoxide  of  oolialt  4*S5 
6atoiiifW«tcr  6*75 


'4;  Carbonate  of  cobalt.   Hiis  salt  Was  ob-MKMMte^ 

tained  by  precipitating  the  nitrate  of  cobalt  lny 
'ciirbotiate  of  soda>  ctdlecting  the  precipitate' on 
-•i  filter,  artd  Washing  it  thoix)ughly  witli  water. 
'"When  diy,  it  is  a  light  powdei*  having pink 
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colour  of  no  gieat  depth  of  BhiMie>  and  dostitttte 

of  beauty.  It  is  tastdess,  insoluble  in  water, 
md  not  altered  by  exposure  to  the  air.  It  does 
not  alter  vegetable  bluesb  but  dissolves  in  acids 
with  a  strong  effervescence. 

8*1^  grains  ot^  this  salt  were  exposed  to  a  red 
heat  in  a  platinum  crucible ;  there  remained  a 
black  jxnvder  weighing  4*75  grains.  It  was  per- 
oxide ol'  cobalt*  and  equivalent  to  grains  ot* 
protoxide :  henceb  the  constituents  of  the  salt  are 

1  atom  curbonic  add  e«75 
1  atom  piDtoxide  of  coMt  ^HS 
1  atom  water  1*185 

8125 

riimiiiMiv,    5.  Phosphate  of  cobalt.    This  salt  was  pre* 

pared  by  dissolving  carbonate  of  cobalt  in  phos- 
phoric acid  and  mixing  the  solution  with  alco- 
hol. A  copious  precipitate  falls,  which  was  cd* 
lected  on  a  filter,  and  edulcorated  first  with 
alcohol  and  then  with  water.  It  was  gelatinous, 
and  had  a  fine  crimson  colour.  When  dried,  it 
concreted  into  a  hard  dark  red  matter,  which 
reddened  vegetable  blues.  10  grains  of  it»  when 
heated  to  redness,  lost  very  nearly  grains ; 
hence,  I  consider  the  salt  as  composed  of 

I  atom  phosphoric  add  J*5 

1  atom  protoxide  of  cobalt  4'25 

2  atoms  water  2'25 

ID 
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6.  Arseniate  of  cobalt.    This  salt  is  easily  Arseniatc, 
obtained  by  mudng  together  solutions  of  Ditiate 

of  cobalt  and  araeniaie  of  8oda>  and  evaporating 
the  solution.  Tlic  arsciiiatc  i'alls  in  the  state  of 
a  crimson  coloured  jelly,  which,  when  washed 
and  dried,  assumes  the  form  of  scales*  It  is 
light,  and  iias  a  fine  criaisoii  colour ;  is  tasteless, 
and  does  not  alter  the  colour  of  vegetable  blues. 
When  16^  grains  of  this  salt  were  exposed  to  a 
red  heat,  the  loss  of  weight  was  5  grains  ^  hence, 
I  am  disposed  to  consider  it  as  a  compound  of 

1  atom  arsenic  acid  7*75 

1  atom  pntoxide  of  cobalt  4*25 
4  atoms  water  4*5 

The  loss  of  weight  would  indicate  very  nearly 

4j  atoms  water  ;  but  the  half  atom  was  probably 
only  mechanically  lodged  between  the  particles 
of  the  salt 

7.  Binantimoniate  of  cobalt,  -  This  is  a  red  ^.'«»«»**«*' 
coloured  salt  not  quite  insoluble  in  water,  which 

was  analyzed  by  Berzelius  \  and  from  his  expe- 
riments it  appears  that  it  is  a  compound  of 

2  atonic  antimonic  acid  15 

1  atom  protoKide  of  cobalt  4*25 
8  atoms  water  9 

2S'S5 

The  water  tbund  by  Berzelius  amounted  to  one- 
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third  the  weight  of  the  aait;  which  exceeds  8 
atoms  a  little.  Probably  the  excess,  which  a- 
mounts  to  about  half  an  atom,  was  only  medaaD* 
ically  mixed  with  the  salt  and  not  dienucaDj 

combined. 

ChMUMic^     8.  Chromate  of  cobalt.  This  salt  was  obUuoed 

by  mixing  solutions  of  chromate  of  potash  and 
nitrate  of  cobalt  together.  The  chromate  gn^- 
dually  fell  down,  of  a  reddish  brown  colour ;  it 

had  no  taste,  aiul  produced  no  cliange  on  ve^ 
table  blue  colours.  12'S5  grains  of  it  when  a- 
posed  to  a  red  heat,  assumed  an  olive  green  co- 
lour,  and  lost  2'1  grains  of  its  weight.  Hence, 
the  constituents  of  tlie  salt  are^ 

1  atom  chnmiic  ncid  6*5 

1  atom  oxide  of  cobalt  4*25 

2  atoms  watar  S«S5 

13*0 

Oniaicv  9*  Oxalate  of  cobalt  This  salt  is  easily  ob- 
tained by  mixing  together  the  solutions  of  ni- 
trate of  cobalt  and  oxalate  of  ammonia.  The 
precijHtate  is  to  be  ooltected  on  a  filter,  veil 
washed  and  dried  in  the  open  air.  It  is  a  ligbt 
red  powder,  destitute  of  taste,  insoluble  ivater> 
and  incapable  of  altering  the  colour  of  vegetable 
blues.  11  grains  of  this  salt,  when  heated  upon 
the  sand  bath,  lose  2*^  grains  of  water;  anl 
leave,  when  calcined,  4*25  grains  of  protoxitle of 
<  cobalt.    Hence,  the  constituents  are 
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1  atM  «xiUo  ackl  4^5 

1  atom  protoKide  of  ooball    4*8  j» 

2  atoms  water  2'25 

11 

10.  Tartrate  ul' cobalt.  This  salt  was  obtained  Twnwtek 
by  dissolving  oxide  of  cobalt  (from  an  ammonia^ 
cal  solution)  in  tartaric  acid*  By  digesting  the 
acid  over  the  oxide  for  twenty-four  hours,  a  fine 
crimson  solution  was  obtained^  which,  when  con* 
centrated  by  evaporation,  let  fall  a  red  precipi- 
tate having  a  most  beautiful  crimson  colour. 
This  precipitate  was  put  on  a  filter  and  washed 
with  water  two  or  three  times  to  remove  any 
excess  of  acid  that  might  adhere  to  it;  it  was 
slightly  soluble  in  water,  for  by  this  process  its 
quantity  was  sensibly  diminished,  while  the  wa> 
ter  with  which  it  was  washed  came  ofl'  red.  The 
matter  was  now  dried  on  the  filter  in  a  gentle 
heat;  it  had  a  fine  crimson  colour,  Ktde  or  no 
taste,  but  it  reddened  vegetable  blues.  7*8 
grains  of  this  salt,  being  exposed  to  the  highest  - 
temperature  they  could  bear  without  decompo- 
sition, lost  r2o  grains  of  their  weight:  leaving 
6*55  grains  of  tartrate  still  retaining  its  fine  co- 
lour. Now, 

6*55 :  1S*5  : :  1*25  ;  S*371 »  water  ooiDbiii«d  with  an 
integnuit  particle  of  anhydrous  salt. 

This  sliows  U6  that  the  constituents  of  the  salt 
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1  mam  tarliric  aghI  845 
1  «tMaproioiiitecf  ooUt  M5 
8  Atons  water  M5 

14-75 

All  the  salts  of  cobalt,  if  we  can  judge  from 
the  preceding  list,  contain  water  of  crystalliza^ 
tion.  But  the  quantity  is  in  general  less  than 
in  the  salts  of  nickel.  The  carbonate  contains 
only  1  atom — ^the  phosphate,  oxalate,  tartrate, 
and  chromate  contain  2  atoms — the  bisulphate 
3 — the  arseniate  4 — the  nitrate  6 — the  sulphate 
7f  and  the  biantimoniate  8  atoms. 

13.  SALTS  OF  MANGANESE. 

The  salts  of  manganese  are  most  oi  them 
agreeable  to  the  eye,  particularly  the  sulphate 
and  the  acetate.  They  arc  transparent,  and  have 
a  slight  tinge  of  Hesh  red,  or  ratiier  violet  red, 
which  adds  greatly  to  their  beauty* 
Sulphate^  1.  Sulphate  of  luanganese.  This  salt  crystal- 
lizes in  very  tiat  rhombic  prisms,  the  greater  an* 
gle  of  which  is  about  148^ ;  its  taste  is  similar 
to  that  ot'glauber  salt,  and  it  may  be  substituted 
for  that  salt  as  a  purgative.   Its  constituents  are 

1  atom  cuiphuric  acid  5 
I  atom  protoxide  of  nMOganeae  4*S 
5  atom*  water  .  5«^5 

is-ias 
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When  the  solution  is  Goncentrated  ratiier  too  much 

for  crystallization,  a  white  crust  is  deposited  upon 
the  bottom  of  the  vessel :  this  crust  is  rather  dif« 
ficultiy  soluble  in  water^  and  is  a  compound  cf 

1  atom  of  tiie  aiihydious  salt  with  3  atoms  of 
water. 

Nitrate  of  manganese.    This  salt  is  not  Nhme^ 

easily  obtained  in  regular  crystals;  its  coluur  is 
similar  to  that  of  the  carbonate ;  when  exposed 
to  the  air  it  speedily  deliquesces.  Its  constitu* 
ents  are 

1  atom  nitric  add  .  .  6-75 
1  alom  proloaude  of  imragaoete  4*50 
7  atoms  water  .      .      7*S75  , 

19*125 

S.  Carbonate  of  manganese.  This  is  a  white 
tasteless  powder,  insoluble  in  water ;  when  kept 
lor  some  time  it  is  partly  converted  into  black 
oxide  oi  manganese.  Its  constituents,  accord- 
ing to  the  analysis  of  Dr.  Forchhammer,  are  as 
follows: 

1  atom  carbonic  acid       .       .  2*75 
1  atom  protoxide  of  manganese  4*5 
1  atom  water         •      .      •  1*125 

I  find»  that  when  it  is  merely  dried  in  the  open 
air»  without  any  artiticial  heat,  it  contains  2  atoms 
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ofwKter.   li9Q  grshis  of  this  carbb&ate  wbre  dis^ 

solved  in  nitric  acid,  the  solution  was  evaporated 
to  dryness^  and  heated  till  the  acid  was  destroyedy 
and  black  shining  deutoxide  of  manganese  le- 
mained  behind.  It  weighed  50*55  giains,  equi- 
valent to  4p5*495  grains  of  protoxide^  which  would 
require  for  saturation  ^*801  grains  of  carbonic 
acid  ^  consequently^  the  constituents  ol  the  car- 
bonate must  imve  been 

« 

Carbonic  acid  .       27*8    or  2*75 

Protoxide  of  mauganese    45-5    •    4-' 50 
Water  ^^6*7    -  +  0-S75 

lOO-o'  9*5 

The  0*375  of  water  above  the  2  atoms,  was  pro- 
bably mere  hygrometric  water,  as  no  attempt 

was  made  to  free  it  fiom  all  water  mechanicallv 
lodged  among  its  particles  before  dissolving  it  in 
nitric  acid* 

iniofipiMUs,  4,  Phosphate  ol  manganese.  This  salt  may 
be  obtained  by  mixing  together  solutions  of  sul- 
phate of  manganese  and  phosphate  of  soda. 
The  phosphate  of  manganese  precipitates  in  tiie 
state  of  a  white  powder,  which  may  be  collected 
on  a  filter,  washed  ^nd  dried  in  the  open  air  ;  it 
is  tasteless,  insoluble  in  water,  and  produces  no 
alteration  on  vegetable  blues.  10*7  grains  of  this 
salt,  when  heated  to  redness,  give  out  2-7  grains 
of  water,  and  leave  8  grains  of  anhydrous  pboa- 
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phate  of  numganese.  If  we  adonit  the  excese  ol* 

water  (rather  less  than  halt'  an  atom)  to  be  hy- 
grametfict  the  cpiifitituents.oi  the  salt  wiil  be 

1  atom  phosphoric  add      .   .  S*5 

1  atom  protoxide  of  manganese  4-5 

2  atoms  water        .       .       •  2-25 


10-25 


5,  Arson iate  of  manganese.  This  salt  may  Antmaui, 
be  obtained  by  mixing  solutions  of  sulphate  of 
manganese  and  arseniate  of  soda  ;  it  is  a  white 
tasteless  powder,  insoluble  in  water,  and  produc- 
ing no  alteration  on  vegetable  blues.  £3*5  grains 
of  this  salt  being  exposed  to  a  red  heat  lost  11'^ 
grains  ^  hence,  the  constituents  are 

1  atom  araeoic  acid       •      •  7*75 

I 

1  atom  pvotoude  of  manganese  4-5 
10  atoms  water  •      •  11*25 


riie  binarseniatc  of  manc^anese  is  soluble  and 
easily  formed.  I  have  luade  no  experiments  to 
determine  its  composition. 

().  CUroniate  of  manganese.     Protoxide  ofchromaie^ 

ipauganese  decomposes  chromic  acid»  so  tliat  the 
s;Ut  does  not  exist. 

7.  ^Vcetate  ol' manganese.    This  is  a  bcautifid  Acetates 
4^  whicli  crysUUli^s  in,  Hat  rhombic  prisma* 
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which  are  not  altered  hy  exposure  to  tiie  au:. 
They  are  composed  of 

1  •torn  acetic  add  6*25 
1  atom  protoxide  of  manganese  4*5 
4atoni8waler       ...  4-5 

15-25 

8.  Protoxalate  of  manganese.  This  salt  may 
be  formed  by  mixing  rather  concentrated  solu- 
tions of  oxalate  of  potash  and  sulphate  of  man* 
gaoese*  No  immediate  precipitation  ensues  y 
but  after  some  time  the  mixture  becomes  muddy 
and  the  salt  subsides.  It  is  a  very  soft  tasteless 
powder,  having  a  white  colour,  with  a  very  alight 
shade  of  pink ;  it  is  insoluble  in  water,  and  |XO> 
duces  no  change  on  vegetable  blues;  when  mo- 
derately heated  it  gives  out  abundance  of  water. 
Being  analyzed  by  driving  off  the  water  oo  the 
sand  bath,  and  then  calcining  it  in  a  strong  reu 
heat,  its  constituents  were  found,  to  be 

1  atom  oxalic  add  4*5 
1  atom  protoxide  of  maDganM  4*5 
3  atoms  water      .  .  5-375 

18-875 

9.  Tartrate  of  manganese.'  This  is  a  beauti- 
ful transparent  salt,  having  rather  a  deep  biowii* 
ish  red  cdour ;  the  crystals  are  four^ed  prisnb 

exceedingly  little  soluble  in  water.    This  salt  has 
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hitherto  been  miataken  for  a  triple  salt,  but  it 
contains  no  potash*   Its  constituents  are 

1  atom  Uirtaric  acid        .       .  8*25 
1  atom  protoxide  of  manganese  4*5 
S  fttams  water  8*05 

15 

.  All  tlie  salts  of  manganese  included  in  the  pre* 

ceding  list  contain  water  of  crystallization.  The 
smallest  quantity  of  water  is  £  atoms  and  the 
greatest  10  atoms.  The  carbonate,  phosphate, 
and  tartrate  contain  2  atoms — the  oxalate  con- 
tains 3— the  acetate  4 — the  sulphate  5 — the  ni* 
trate  7— And  the  arseniate  10  atoms* 

14*  SALTS  OP  ZINC. 

1.  Sulphate  of  zinc.  This  salt  crystallizes  insuipti»te» 
right  rhombic  prismi^— frequently  the  prisms  are 

terminated  by  four-sided  pyramids.  The  figure 
of  the  crystals  is  modiiied  a  good  deal  by  the 
excess  of  acid  allowed  to  remain  in  liie  liquid 

from  which  tlic  crystals  are  to  bo  separatetl.  I 
have  never  been  able  to  obtain  this  salt,  though 

m 

ever  so  frequently  crystallized,  in  a  state  in 

which  it  did  not  redden  vegetable  blues. 

The  analyses  of  two  varieties  have  been  de- 
tailed in  the  first  section  of  the  first  chapter  of 

this  work  ;  I  shall  merely  give  the  results  in  thi!< 
place. 

Vol-  II.  Z 
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(1.)  Sulphate  of  wac  deposited  from  a  cold 
solution : 

J  ntoni  stil})liiii  ic  nc\d  5 

1  atom  oxide  of  zinc      •  .'>-2.'i 
7  atomi  water      .  7*872 

18*1£5  < 

(^.)  Siifphate  deposited  from  a  hot  solution: 

1  atom  sulphuric  acid  $ 
1  atom  oxide  of  zinc      .  5'25 
3  atoms  water       .       *  S-SIS 

13*625 

^  Nitrate  of  zinc.  This  salt  has  an  ezceediif* 

\y  disagreeable  taste»  and  may  be  obtained,  witli 
difficulty,  in  flat  /ouMided  prismsi!,  which  dck^ 
quesce  so  rapidly,  that  it  is  not  an  easy  task  to 
chtsdn  the  salt  in  a  state  fit  lor  analysis.  lu 
constituents  are 

1  atom  nitric  add  »  6*75 

1  atom  oixide  of  zinc        •  5-25 

6  atoms  water        .      .       f)*7  '> 

*  — — — 
1       »  »         1S'73<'  ' 
'1.. 

GMboMit.   .d«  Carbonate  of  zinc.  :Two  rtfeMU  ^^^^ 
salt  are  found  native,  and  constitute  a  part 

fhfii  j^ciiies  coirlbuatled.by  mift€^alc^ist^ 
the  name  oi  cakmme. 
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(h)  Anhydrous  carbonate.  It  occurs  crystal- 
lized in  very  small  obtuse  rhomboids.  It  has  a 
yellowish  white  colour,  and  a  specific  gravity  of 
4*584 ;  it  dissolves  with  effervescence  in  sulphu- 
ric acid,  and  is  composed  of 

1  fttcmi  carbonic  acid  2*75 
I  atom  oxide  of  zinc  5'25 

S 

Carbonate  of  zinc,  obtained  by  precipitating  sul- 
phate of  zinc  by  carbonate  of  soda,  washing  the 

precipitate,  and  drying  it  at  212°,  is  likewise  an- 
hydrous« 

'  '  (2.)  Hydrous  carbonate  of  zinc.  It  has  not 
yet  been  met  with  in  crystals ;  but  it  has  a  white 
colour,  or  yellowish  white  colour,  and  is  most 

commonly  stalactical.  Its  specific  gravity  is 
3-584 ;  it  dissolves  with  effervescence  in  sulphu- 
ric ittdd,  and  does  not  gelatinize  with  acid^'  '  Its 

constituents  are 

1  atom  carbonic  add  S*75 
1  atom  oadde  of  sine  5*S5 
1  atom  water  .       .  1-125 

4.  Phosphate  of  zinc.   This  salt  may  be  ob-  w»<*i«*>^ 

tained  by  mixing  together  solutions  of  sulphate 
of  zinc  and  phosphate  ot  soda  in  the  atomic  " 
proporftdns.   The  phdsphate'  of  ssinc  iortn^&^ik-' 
ly  appeai-s  in  white  flocks,  which  are  soon  depo^' 
sited  in  a  pulverulent  form.  When  dried  in  the 

Z8 
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open  air  it  ift  a  white  tottaiwD  powdirt  vhkii 

does  not  alter  vegetable  blues  ;  it  is  insoluble  in 
water.  II  gnuns  of  thia  salt»  wheo  expoaedto 
aiedlieatt  ghre  out  9*25  grains  of  water  (heooi^ 
the  constituents  are 

1  atom  phosphoric  acid  3*5 
1  atom  oxide  of  line       .  5-25 
St  MloDit  water  1Hi8 

llO 

5.  Biphosphate  of  zinc.  I  formed  this  nit  by 
dissolving  phospiiate  of  zinc  in  pbosplionc  aciui 
and  evaporating  the  solution.   Small  white  co* 

loiii  cd  scales,  with  a  silky  lustre,  were  deposited, 
wiiicb  constituted  the  salt  in  question.  It  has 
scarcely  any  taste,  reddens  v^table  blues,  and 
is  slightly  soluble  in  water.  When  16*7.5  grains 
di  this  salt  were  exposed  to  a  heat  gradutBj 
raised  to  redness,  they  lose  4*5  grains  of  weighty 
hence,  the  constituents  must  be 

it  atom*  phoipherie  add  7 
1  «lam  oxidaef  sine  5-afi 
4at«Davniter  4^5 

1 6-75 

<  •  » 

Anmiate,  Arseniate  of  zinc.  This  salt  was  fornieil 
by ' asuuii^  solulions  of  sulphate. of  mcaadsr- 
iOTistn  of  soda  ii^  the  atomic  proportions^  Iht 
afisentate  of  ^c  was  immediately  depcfiit^  ^  ^ 
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gelatinous  state,  which  gradually  assumed  the 
tbrm  of  a  l^ht  milk  white  deposite ;  it  continued  ' 
gelalinoos  and  transparent  (exactly  like  silica) 
even  afler  it  had  been  collected  on  the  filter,  and 
washed  for  some  hours.  When  dried  in  the  open 
air  it  became  an  opaque  white  matter,  like  ena- 
mel j  it  was  tasteless,  insoluble  in  water,  and  did 
not  affect  vegetable  blues.  ^  grains  of  this  salt 
being  exposed  to  a  red  heat,  lost  9  grains  of  its 
weight  'f  hence  its  constituents  are 

I  atom  anenJe  odd  7*75 
1  ■tom  oxkie  of  sine  5*95 
8  itGHif  wifier  9*00 

7.  Chromate  of  zinc.  This  salt  was  obtained  cbrooMtc;, 
by  mixing  solutions  of  sulphate  of  zinc  and 

chromate  of  potash  in  the  atomic  proportions. 
The  chromate  of  zinc  pr^cipitfkted  in  the  state 
of  a  fine  yellow  powder ;  the  supernatant  liquid 
being  still  yeUow,  was  concentrated.  It  yielded 
two  distinct  sets  of  crystab  intimately  mix^ 
with  each  other  \  namely,  bichromate  of  potash, 
and  sulphate  of  zinc  tinged  yellow  by  chromate 
of  potash.  Chromate  of  zinc  is  nearly  tastelesiB^ 
but  it  is  soluble  in  water  ;  for  the  liquid  with 
which  it  was  washed  was  yellow^  and  yielded* 
when  evaporated,  chromltte  of  zinc  Chmnaile 
ol  zinc  dried  in  the  opeu  aii*  loses  lio  weight 
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when  exposed  to  a  red  heat  Hetice^  the  salt  is 
anfaydrousi  and  its  constituents  are 

1  atom  €hroaiic  mad  6'S 
]  atom  oxide  of  sine       .  5*85 

11«75 

AcaMi%  Acetate  of  zinc.    This  salt  crystallizes  in 

large  very  oblique  rhombs*  It  hasa  fiilky  lustcey 
andt  indeed,  bears  a  very  close  teaemhlance  to 
talc  in  its  apjicarance  ;  when  kept  for  some  time 
it  is  apt  to  lose  a  litUe  of  its  acid.  Its  constitu- 
ents, supposing  it  examined  when  in  a  state  of 
purity,  are 

1  atom  acetic  acid  •  6**25 

1  atom  oxide  of  zinc      •  5*25 
7  atqms  water  7^75 

19*375 

Oudate^  9.  Oxalate  of  zinc.  This  salt  may  be  ob- 
tained by  mixing  together  solutions  of  suipliate 
of  ziile  flnd  oxalate  of  anmoqia  in  the  atonric 
proportions.  For  a  few  seconds  the  mixture 
continues  transparent,  but  it  gradually  becomes 
muddy,  and  depotites  oxalate  of  sine  in  Abaft. 

dance :  the  decomposition  is  com])lete,  for  no 
traces  of  oxalic  acid  or  oxide  of  zinc  can  be 
ibfind  in  the  supernatant  Wt*95  gnim 

of  sulphate  of  zinc  and  88*75  grains  of  oxalate 
6f' ammonia,  gave  118  grains'  of  oxataite  of 
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eittc  ;*^had  thd  quaotity  b«en  IfO  grains^  it  » 
obvious  that  its  constituents  would  have  been 

1  atom  oxalic  acid  .  4*5 

1  atom  oxide  of  sine  5*ft5 

2  atomi  water        •  8*85 

18-0 

I 

Tile  loss  of  the  two  grains  was  owing  to  the  tit- 
ter on  which  the  oxalate  of  aanc  was  collected; 

10.  Tartrate  of  zinc.    This  is  a  soft  white  Tartrate 
tasteless  powder  like  chalk.    It  is  anhydrous  | 
for  18*5  grains  of  it  being  calcined  in  a  platinum 

crucil)lc  left  5''25  grains  of  oxide  of  zinc.  Heiice, 
its  constituents  are 

1  atom  tartaric  acid  8-85 

1  atom  uxide  of  zinc        .  -'y^') 

13-5 

'  The  salts  of  zinc»  as  &r  as  we  can  judge  from 
the  preceding  list,  vaiy  a  ggud  ileal  in  their  wa- 
ter of  .crystaUtzation»  though  the  quantity  is  ra- 
ther smallj'^ight  atoms  of  water. being  the 
greatest  uumber  luuud  in  any  salt  hitherto  ana- 
Ij^zed.  Carbonate^  chromate^  and  tartrate^  are 
anhydrous — hydrous  carbonate  contains  1  atom 
water— phospliate  and  oxalate  2  atoms — ^sul- 
pbate»  from  a  hot  sohition*  3--4>ipbo8phate 
nitrate  6 — sulphate  and  acetate  7 — and  arsi^niat© 

Z  4 
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8  atoiub.  No  salt  of  ^inc  examined  coutaini  o 
atoms  of  water. 


15.  SALTS  OP  CADMIUM. 

4 

I  have  mentioned  in  a  former  chapter  ot  tins 
work,  that  by  the  kindness  of  Mr.  Harepatfa  of 
Bristol,  1  was  favoured  with  a  quantity  of  tlie 
subUmation  that  attaches  itself  to  the  roof  of  the 
apartment  in  which  zinc  is  smelted.  This  sob- 
limate  had  a  pretty  deep  brown  colour,  and  con- 
tained a  good  deal  of  vegetable  matter.  After  a 
few  preliminary  trials,  I  found  that  it  contained 
about  ten  per  cent,  of  oxide  oi'  cadmium ;  byiu 
the  greatest  portion  of  the  remainder  was  oxide 
of  zinc.  I  therefore  dissolved  it  in  sulphuric 
acid|  and  precipitated  the  cadmium  by  means  of 
a  plate  of  zinc.  I  obtained  by  this  simple  pro> 
cess,  about  500  gr^ns  of  metallic  cadmium, 
which  enabled  me>  not  merely  to  verify  the  ex* 
periments  of  Stromeyer,  but  to  make  a  set  of 
experiments  on  the  salts  oi  tiiat  metal :  for  with 
the  exception  of  the  sulphate  and  aitrate^  Stro* 
meyer  has  not  determined  tlie  water  of  crvstal- 
lization  which  tiiey  contain.  I  shall  here  state 
the  results  of  these  inveatigalions. 
SQi|iiMte^  1,  Sulphate  of  cadmium.  I  have  given  a  de  - 
scription of  this  salt  in  a  former  part  of  tiu& 
work.   Its  constituentSi  when  in  ciystaisi  are 
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1  atun  •nlphurio  mad  l» 

1  atom  oxide  of  auimium  8 

4  atoms  water  4*5 


17-5 


It  is  SO  apt  to  lo60  a  portion  of  its  water  of  cr^s- 
taUization,  that  its  analysis  is  not  easily  made ; 
when  it  precipitates  in  a  wiiite  crust  it  contains 
only  2  atoms  of  water. 

9.  Nitrate  of  cadmiutn.  This  salt,  crystal- NUnti^ 
lized  in  vacuo  over  sulphuric  acid,  formed  tluu 
transparent  plates ;  they  deliquesce  when  expo- 
sed to  the  air,  as  Stromeyer  had  obsei'ved.  19'25 
grains  of  these  crystals  were  dissolved  in  water, 
and  precipitated  at  a  boiling  temperature  by 
carbonate  of  soda.  The  carbonate  of  cadmium, 
ai'ter  ignition,  weighed  in  one  experiment 
grains,  and  in  another  7«91S  grains.  Hence*  it 
is  obvious,  that  the  conatituents  are 

1  atom  nitric  acid  CrTH 
1  atom  oxide  of  8-0 


19*35 


The  constituents,  as  stated  by  btroint^yer,  are 
follows : 

Nitric  acid  6*884  i  m 

Oxide  of  cadmium  8*114  , 
Water  4*808 


19^06 
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While  the  analysis  in  my  laboratory  gave 

Nitric  acid  6*750 
Oxide  of  cadmiutn  7*933 
Water 

The  mean  of  both  gives  the  atomic  weight  of 

♦  cadmium  8  023,  and  of  the  salt  19-2485  i  both  oi 

which  are  exceedingly  near  the  truth. 

CaiboiMic^  S.  Carbonate  of  cadmium.  Tbia  is  a  white 
tasteless  powder,  having  a  certain  reseinbiauce 
m  colour  to  white  lead.  It  is  destitute  of  cooa- 
biiicd  water,  but  when  dried  in  the  open  air  re- 
tains the  fitlh  part  of  an  atom  of  water,  no  doubt 
hygrometrically  united  to  the  aalt.  Its  coMfr* 
tuents  (abstracting  this  water)  are 

1  atom  carbonic  «dd  2-75 
1  atom  oxide  oi  cadmium  8 

10-75 

i^boiptut**  4.  Phosphate  of  cadmium.  This  salt  was 
formed  by  mixing  together  solutions  of  nitrate 
of  cadmium  and  phosphate  of  soda.  The  pre- 
cipitate is  at  first  very  bulky,  but  aiterwards  di» 
mishes  much  in  volume ;  it  is  tasteless  and  inso- 
luble ill  water.  21 '12  grains  of  this  salt  dneJ 
in  the  air,  when  exposed  ibr  ^  minutes  to  a  km 
red  heat,  were  reduced  to  18*905  grains*  In  a 
very  strong  red  heat  it  was  reduced  to  a  semi- 
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opaque  glass^  and  weighed  18-68  grains*  From 
tbiB  experiment  I  consider  it  as  a  compound  of 

1  atom  ])ho.^phoric  iicid  3'5 

I  atom  oxide  of  catluuum 

1  atom  water  1-125 

lS-(kS6 

4 

I 

There  was  about  one-third  of  an  atom  of  sur- 
plus water,  which  was  of  course  Iiygroiuetrical. 

5«  Ai'seaiate  of  cadmium.  When  arseniate  of  Aneoute, 
soda  is  added  to  a  solution  'of  nitrate  of  cad- 
mium, a  white  precipitate  falls,  at  iirst  very  bul- 
ky, but  in  a  few  hours  it  contracts  much,  in  size. 
This  salt  is  a  white  tasteless  powder,  which  is 
insoluble  in  water.  i^l*84  grains  of  this  salt 
dried  in  the  open  lur,  when  exposed  to  a  pretty 
strong  red  heat,  were  reduced  to  20*01  grains  ; 
hence,  15*7^  grains  of  the  anhydrous  salt  must 
unite  to  r*44  grains  of  water  to  be  brought  into 
the  state  of  the  precipitated  salt  dried  iu  the 
•open  air.   The  constituents  of  this  salt  then  are 

1  atom  anenic  acid  7*75 
]  atom  oidde  of  OBdamim  8 
1  atom  water  1-1S5 

10-875 

The  0*315  of  superflnous  water  was  of  course 
mechanically  lodged  among  the  particles  of  the 

salt, 

16 
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Cbnm^        Chronuile  of  cadmiiiiii.  Thia  ^  was 

tained  by  mixing  together  solutions  of  sulphate 
of  cadmium  and  ciuomate  of  potash.  The  chro* 
nate  fidls  in  the  state  of  a  most  beantiful  ydbir 
coloured  jjowder ;  it  has  little  or  no  taste,  yet 
it  is  not  absolutely  insoluble  la  water :  for  when 
washed  on  the  filter,  the  liquid  always  passes 
through  of  a  yellow  colour.  And  iu  one  of  my 
experiments,  I  dissolved  almost  the  whole  of  a 
,  .  quantily  of  ehnmmte  of  cadmium  by  ^ma^ 
ia  trying  to  wash,  it  till  the  liquid  should  pass 
tbiough  colourless.  520-5^  grains  of  this  salti 
when  exposed  to  a  red  heat,  assumed  a  darker 
yellow  colour*  and  lost  6  grains  oi  its  weight; 
hence*  its  constituents  are 

1  •feam  chroaiicscul  6*5 
1  •loiii  osids  of  fttJmlnm  8 
5  9lUmu  water  5^685 

The  small  .surplus  water  was  doubtless  hygrome- 
trical. 

At^Md;  '  •r.  Acetate  of  cadmium.  When  a  very  con- 
centrated  solution  of  this  salt  is  exposed  for 
about  ten  days  to  the  air,  it  is  gradually  coo* 
verted  into  a  crystalline  mass,  while  a  thick  li- 
quid remains  floating  above  it  These  crystab 
are  very  soluble  in  water,  and  undergo  litde 
change  from  exposure  to  the  air.  grams 
of  these  crystals,  previously  dried  npon  blottiiig 
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paper,  were  decomposed  by  sulphuric  add*  The 

auii^drous  sulphate  of  cadniiuin  weighed  17^ 

ffoamf  equivalent  to  10*7007  gwna  of  oiide  of 

lium.   Hence,  the  constituents  of  the  sail 


I  atom  tortio  add  6^6 
1  atom  aside  oP  eadmlum  S<IO 
it  atoma  water  8*S5 


8.  Oxalate  of  cadmium.  This  salt  is  predpW  omIm^ 
tated  when  oxalate  of  potash  is  di  opped  into  ni- 
trate of*  caiimium ;  it  is  a  white,  tasteless  pow- 
der, insoluble  in  water.  When  17-O6  gnuns  of 
this  salt,  previously  dried  in  the  open  air,  were 
cautiously  heated  on  the  sand  bath  in  a  platinum 
crucible,  the  loss  of  weight  was  d*6£  grains: 
hence,  the  constituents  of  this  salt  are 


t  atom  cauBo  acid  4*5 
1  atom  oxide  of  eadiiiittni  5*0 
3  atoma  water  5*375 


15-875 

9.  Tartrate  of  cadmium.  If  tartrate  of  potash  Ttatrmt,, 

be  added  in  slight  excess  to  u  solution  of  Jiitratc 
of  cadmium,  there  instantly  &lls  a  pretty  bulky 
precipitate.  The  liquid  separated  from  this 
precipitate  by  tiitiatiou,  depositcs  at  the  end,  of 
twenty-four  hours  a  small  quantity  of  transpap 
rent  granular  crystals;  the  supernatant  liquid 
still  gives  a  slight  precipitate  with  carbonate  9f 
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soda.  Henoei  tartrate  of  cachmum  is  sightly 
soluble  in  water ;  probably  neariy  ar  sokible  m 

tartrate  of  manganese.  These  crystals  are  taste- 
less ;  lO*i05  grains  of  them  heated  on  the  -sand 

bath  for  about  two  hours,  lost  their  crystalline 
form  and  became  white  and  opaque,  aud  liad 
lost  1'17  grain  of  their  weight    Henc^  the 

constituents  of  Uiis  salt  arc 

1  atom  ttttarie  add  S*fi5 

1  atom  oxide  of  cadmium  8 

2  atoroi  water  t'SS 


18-5 

la  .Citrate  of  cadmium*    Citrate  of  ammo^ 

nia  produces  a  remarkably  bulky  gelatinous  pre- 
cipitate in  nitrate  of  cadmium.  When  17*34 
grains  of  this  salt,  previously  dried  in  the  open 
air  upon  blotting  paper,  were  exposed  to  the 
heat  of  the  sand  bath,  they  lost  £*17  grains  of 
their  weight :  hence,  the  constituents  of  this  sait 
are 

1  alum  citric«Gid  7*95 

1  atom  oxide  of  cadniimi  8 

2  atoms  water  2-25 


17-5 

We  see  irom  the  preceding  details  Uiat  the 
greatest  quantity  of  water  in  any  of  the  salts  of 
cadmium  is  4  atoms.    One  salt  of  cadmium,  the 
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caiboiiate^  ia  anhjrdrouft— two»  the  phosphate 

and  arseniate,  contain  1  atom  of  water — four, 
acetate,  tartrate,  citrate  and  muriate,  coiitam  2 
atoms^^m,  oxalate,  contains  d-^and  tm,  auU 

piiate  and  nitrate,  contain  4  atoms. 

16.  SALTS  OF  LEAD» 

1.  Sulphate  of  lead.  This  salt  occurs  native  Sulphate, 
in  regular  crystals,  though  ironi  its  insolubility 

it  cannot  be  crystallized  artificially.  The  pri- 
mary foiin  of  the  crystals  is  a  right  rhombic 
prism.  .  It  is  anhydrous,  though  it  usually  con 
tains  a  trace  of  water  mechanically  lodged  be* 
tween  tlie  plates  of  the  crystals*  Its  constituents 
are 

1  atom  sulphuric  acid  5 
1  Atom  protoxide  of  lead  1 4 

19 

2.  Nitrate  of  lead.  This  salt  is  easily  soluble  Nitrate^ 
in  water,  and  may  be  obtained  without  difficulty 

in  large  whiteopaque  crystals  having  a  vitreous 
lustre,  and  the  shape  of  regular  octahedrons 
with  a  square  basis;  it  is  likewise  anhydrous. 
Its  constituents  are 

1  atom  nitric  acid        .       6*75  ' 
1  atom  protoxide  of  lead  14 

20-75 


Digitized  by  Google 


368 


SALTS 


Diniiritt,  3,  Dinitfite  of  lead.  When  nitric  acid  is  di- 
gested for  a  long  time  on  an  excess  of  litharge^ 
a  yellow  cdoured  solution  is  obtained,  from 
uhich  precipitate  beautiiul  yellow  coloured  crys- 
tals in  small  shining  scales.  The  conatitueotB  of 
these  crystals  are  as  follows : 

1  atuiii  nitrous  acid        .  fi-'Jo 

2  atoms  protoxide  of  lead  2S 

ft  attunt  water  .  S'S^ 

36 

DiniiMii,     4.  Dinitrate  of  lead.   This  salt  was  obtained 

by  Berzelius  by  precipitating  nitrate  of  lead  hj 
too  small  a  quantity  of  ammonia  to  throw  dows 
the  whole  lead.  Chevreul  obtained  it  bv  boilin? 
together  equal  weights  of  nitrate  ot  ieati  and 
protoxide,  filtrating  the  liquid  while  hot,  and 
alluwing  it  to  crystallize  in  close  vessels.  The 
crystals  were  pearl  coloured  scales.  This  salt  i& 
soluble  in  water,  and  has  the  sweet  and  astris* 
gent  taste  of  nitrate.    Its  constituents  are 

1  atom  nitric  acul         .  6*75 

2  atoms  protoxide  of  lead  28 

Hyponi.      5.  Hypomtrito  of  lead.    Berzelius  obtained 

tl)is  salt  by  dissolving  a  ^ven  quantity  of  dini- 
trite  of  lead  in  water,  adding  as  much  sulphuric 
acid  as  would  deprive  it  of  half  it^  lead,  fltcr- 
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ing  the  solution,  and  allowing  it  to  cry9t!allize 
spootaneously— octahedral  crystab  of  a  deep,  yel- 
low colour  were  deposited.   He  analysed  ihea^ 

crystals,  and  found  the  constituents 

Acid        .       .       28*925  * 
Protoxide  of  lead      70-375  '  ' 
Water  '  WO* 

100-000 

If  we  consider  them  as  composed  of 

1  atom  hyppoitrmis  afid  .  ^  f'7f,.  < 
1  atom  protoxide  of  lead  14*p0 
1  atom  water       .       .  1:125 

the  constituents  in  luu  parts  of  tiie  salt  will 

Acid  .  23*90 
Oxide  70'44 
Watar  5-66 

100 

Now,  these  numbers  almost  coinetde  with  those 
of  Bcrzeiius,  and  induced  me  to  consider  the 
salt  as  a  hyponitrtte  rather  than  a  ■mtrite»  which  is 

the  view  taken  both  by  BerzeHus  and  Che\  rcnl. 

6.  Carbonate  of  lead.    This  salt  occurs  na- cwbotwiek 
tive,  and  is  known  by  the  name  of  white  lead. 
Its  primary  ibi  in  is  a  right  rliombic  prism.  It 
is  anhydrous,  and  is  composed  of - 

Vol.  II.  A  a 
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1  mom  MMrbtiiieadd 

1  ■Inm  iwniinjikh  of  lari  1* 

16-75 

^'»*'^P^  7-  riiu^sphate  of  lead.  This  salt  exists  native, 
and  is  often  crystallized  in  six-sided  prisi]i&  It 
is  anhydrous ;  but  never  quite  pure,  containing 
a  little  muriatic  acid  and  some  oxide  oi  iioii. 
It  is  very  difficult  to  form  a  neutral  pho^hale 
of  lead  artificially,  for  the  acid  and  oxide  are 
capable  of  corabiiiuig  in  two  proportions  j  iiame- 
ly,  I  atom  acid  and  1  atom  oxidei  and  I  atom 
acid  and  S  atoms  oxide  ;  and  in  general  variable 
proportions  of  the  diphosphate  mix  themselves 
with  the  neutral  phosphate,  and  render  the  re- 
suit  uncertain  and  inconstant.  The  constituents 
of  the  neutral  phosphate  are 

1  «lo«i  pibcsphono  aoid  8'6 
1  atona  protoxide  of  lend  14 

The  constitumtB  of  the  diphoq[>)iate  are 

1  atom  phosphoric  acid  S*5 

2  atoms  protoxide  of  leail   28       •  * 

31-5 

AneoMii^     8.  Arseniate  of  lead.    This  salt  has  beeo 
found  native  in  different  places.   Fine  crystab 

of  it  in  large  six-sided  prisms^of  a  yellow  ish  co- 
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lour,  and  trahslucenty  occur  >  in  Hud  Unity  in 
Cornwall.  If*  any  confidence  can  be  put  in  Uie 
analysis  of  these  crystals  by  the  late  Mr.  Gr€gor» 
they  are  composed  of 

1  atom  snenic  raid  7*75 
1^  atom  praloKide  of  l«ad  81 


«a'75 


But  the  native  arseaiatc  of  lead  iioin  Joliann- 
Georgenstadt,  analyzed  by  Chenevix  and  Thch 
nard»  was  a  compound  of 

1  atom  arsenic  acid  7*75 
1  atom  protoxide  oi  lead  14 


It  remainst  therefore,  to  determine  whether  Mr. 

Gregor  s  results  be  accurate  ;  if  they  be,  there 
are  obviously  two  native  species  of  arseniates  of 
lead— mmely,  the  neutral  and  the  sesquiar- 
seniate. 

9«  Chromate  of  lead.  .  This  salt  also  occurs 
mitive,  crystallized  in  transparent  prisms  having 

a  fine  orange  coloiu.  llie  ^t  is  anhydrous, 
and  composed  of 

1  atom  chromic  acid  6*5 
1  atom  protoxide  of  lead  14 
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It  19  anbydraiu  alio  when  dbtained  by  precipi- 

tation.  It  is  not  unlikely  that  tiiere  occurs  ak> 
a  bichromate  oi\a  rod  colour,  compoBed  of 

S  atoms  dnromic  add  IS 
1  atom  protoxide  of  lead        1 4 

27 

Mdybdirt^    10.  Molybdate  of  lead.   This  salt  occurs  i»> 

dve  in  Corinthia.  It  is  usually  crystallized  h 
smsUl  rhomboidal  plates  \  it  has  a  pale  yellow 
colour,  aod  a  certain  degree  of  transpamcy ;  H 

is  tasteless  and  insoluble  in  water,  and  perfecll) 
anhydrous*   Its  constituents  are 

1  atom  Riolybdic  add  9 

1  atom  protoxide  of  lead      1 4 

as  ■ 

Ktunf.       11.  Bitnngstate  oflead.  Thift  salt  likewise  05 

curs  native  ;  for  it  has  been  found  at  Zinnwdde 
in  Bohemia  in  very  acute  four-sided  pyranwh 
having  it  brown  colouiv  and  perfectly  tasteless, 
and  insoluble  in  water.  I  am  not  aware  that  any 
analyris  of  the  native  tungstate  of  lead  has  Hm 

made ;  but  the  artificial  tungstate,  formed  hj 
mixing  solutions  of  bitungstate  of  ammonia  and 
nitrate  of  lead,  was  examined  by  Bemte 
From  his  experiments  it  appears  to  be  a  bituiig' 
state ;  consequently,  its  coostttuents  must  be 
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2  atoms  tun^rstic  acid       .  37-5 
1  atom  protoxicie  ot'  14 

51-5 

Acetate  of  lead  The  constttuents  of  this  AccMi^ 
salt  have  been  stated  in  a  former  part  of  this 
wof  k«   Tbey  are  as  foUows : 

1  atom  acetic  acid  6*£5 

I  atom  protoxide  of  lead  14 

3  atoms  water      .       .       3  375 

Id*  Diacetate  of  lead.  This  salt  was  obtained  dumm^ 

by  boilinf)^  crystals  uf  acetate  of  lead  and  litharge, 
mixed  each  ia  the  requisite  proportions  in  a  suf- 
ficient quantity  of  distilled  water.  The  litharge 
was  entirely  dissolved  ;  and,  by  evaporating  the 
solution  in  a  gentle  heat,  the  diacetate  was  de- 
posited in  the  state  of  a  beautiiul  white  sedi*- 
ment,  which  had  the  aspect  of  crystals,  although 
I  could  aot  recognise  aoy  regular  Ibrin.  It  had 
a  sweet  and  astringent  taste,  and  was  soluble  in 
pure  water.  I  dried  this  salt,  by  pressing  it  be- 
tween folds  of  blotting  paper,  till  it  ceased  to 
give  out  any  mcnslnre.  45*5  grains  of  the  mat- 
ter thus  treated  being  subjected  to  a  red  iieat  in 
a  pbtimim  cmcible»  left  SJ*9  grains  iiised 
protoxide  of  lead.  From  this  experiment  I  con. 
sider  the  constituents  of  the  salt  to  be 

A  a  3 
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1  atom  acetic  acid  .  6-85 

2  atoms  protoxide  of  lead  28 
10  atoms  water  11*85 

45*5 

14.  Thsacetate  of  lead.  This  salt  was  iirst 
obtaiited  by  ThenanL  His  method  was  to  boil 
£S'6£5  parts  of  crystallized  acetate  of  lead  with 
35'4r4t  parts  of  iitharge,  deprived  of  its  carbonic 
acid  by  beat  The  liquid  thus  obtained  when 
evaporated  deposited  the  trisacetate  in  white 
plates.  It  is  still  soluble  in  water,  but  less  so^ 
and  has  a  less  sweet  taste,  than  common  acetate 
of  lead.  I  have  not  myself  made  any  experi- 
ments on  this  salt ;  but  Berzelius  anidyzed  it» 
and  found  its^constituents 

Acetic  acid  6'85 
Protoxide  of  lead  41 

0 

t 

Three  atoms  of  protoxide  of  lea^i  weigh  4"^. 
Uence  it  is  obvious,  that  the  salt  was  a  com* 
pound  of  I  atom  acid  and  3  atoms  protoxide  of 
lead.  If  any  confidence  can  be  put  in  Tb^iard's 
analysis,  it  confcaias  ^  atoms  water.  . 

15.  Benaoate  of  lead.  This  salt  fivras  crys- 
tals  of  a  brilliant  white  colour,  soluble  both  io 
water  and  alcohol..  Jb'rom  the  analysis  of  Beixe- 
Uu8|  its  constituents  are 
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1  alom  benxoic  add  15 

1  atom  protcvxide  of  lead  14 

1  alom  water  1*125 


30*125 


16.  Succinate  of  lead  forms  long  slender  crys-  Sucdiute, 
tals,  scarcely  soluble  in  water*  They  seem  to  be 
anhydrous,  and  are  composed  <rf* 

1  atom  snccimc  add       •  6*25 
1  atom  protoxide  of  lead  14 


20-35 


17-  Formate  of  lead.  This  salt  is  composed  of  Formau, 


1  atom  formic  acid  4*625 
1  atom  protoxide  oi'  lua J      1 4< 
1  atom  water        .       .  1*125 


1975 

18.  Oxalate  of  lead.  This  salt  is  an  insoluble  Oxaiau", 
and  tasteless  anhydrous  powder,  composed  oi 

1  atom  oxalic  acid         '   .  4*5 
1  atom  protoxide  of  lead  14 


18*5 


19*  The  same  obsertations  apply  to  tartrate  Tannic^ 
of  lead,  the  oonstituents  of  which  are 

1  atom  tartaric  add  8*25 
1  atom  protoxide  of  lead  14 


22-25 

Aa4 
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From  the  preceding  details  wt  see  that  the 

greater  luuiiber  of  the  salts  of  lead  are  anhy- 
drous i  and  the  few  which  contain  water  seldom 
have  more  than  1  or  S  atoms  in  the  integrant 
particle  of  salt.  The  acetate  of  lead  is  the  salt 
which  contains  most  water.  Hie  quantiQr 
amounts  to  8  atoms  to  the  mtegrant  particle  cf 
acetate,  while  the  diacetate  (if  we  suppose  it 
sufficiently  dried)  contains  10  atoms. 

17*  SALTS  OF  COPPEB. 

The  Mack  oxide  of  copper  alone  seems  ca- 
pable of  combming  with  acids  and  forming  salts ; 
for,  excq>t  the  protomuriate,  we  do  not  know 
any  salt  of  copper  containing  the  suboxide  for  a 
base.  From  the  composition  of  the  salts  of  cop- 
per,  there  can  be  no  reason  to  doubt  that  5  le* 
presents  the  atoauc  weight  of  black  oxide  of 
copper. 

Sulphate,      l«  Sulphate  o£  copper.   Hiis  well  known  and 

beautiful  salt  has  beea  often  described.  It  al- 
ways reddens  vegetable  blues,  however  careluliv 
prepared ;  and  by  long  boiUng  its  aqueous  solo- 
tion  with  peroxide  of  copper  in  the  requiiiic 
proportion,  we  form  an  insoluble  sulphate  ot  cop- 
per, containing  twice  as  much  oxide  united  lo 
the  acid  as  in  the  soluble  salt.  It  must  there- 
fore be  a  disulpbate.  Sulphate  of  copper  is  com- 
posed of 
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I  fllonn  sttlphunc  acici  5 

1  atom  pci  uxide  ot  cog^pex  5 
5  atoms  water       •       .  5*62d 

15-625 

2,  Nitrate  of  copper.     This  is  also  a  well  Niiwic, 
known  and  beautiiui  salt*    It  is  so  deiiquesceuty 
that  it  18  not  easy  to  obtain  it  in  well  d^Aoed 

crystals.    Its  constituents  aie 

1  atom  nitric  acid        .  6*75 
1  at4Nn  peauddc  of  capper  $ 
7  atoms  water  7*875 

19^6 

Carbonate  of  copper.   Of  this  salt  there  CHbooatei* 
are  three  species  met  with  native ;  namely,  the 
anhydrous  carbonate,  which  has  a  brown  colour  i 
the  green  carbonate,  and  the  bhie  caribonate* 

The  constituents  of  the  anhydrous  carbonate  are 
as  ibllows ; 

1  atom  carbonic  acid  2>76 

2  atoms  peroxide  10  ^ 

It  is  therefore  a  dicarbonate. 

(2.)  The  green  carbonate  copper  constitutes 
the  beautiiui  ore  of  copper  called  malachite. 
When  pure,  its  constituents  are 
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1  mom-  CMrbonic  acid  • 

2  atoms  penmtte  of  oofftx  10 

1  atom  water  .  1*125 


13*875 

(3.)  Tlie  blue  carbonate  of  copper  occun 
crystallized  in  oblique  rhombic  prisms  of  a  beau> 
tiful  blue  colour.    It  lias  been  repeatecUj 
lyzecL  I  sball  take  the  experiments  of  Mr.  Plul- 

lips  as  sufficiently  exact  to  show  the  coDstituents 
of  this  rather  complicated  salt.    He  found  100 

parts  uf  the  crystals  composed  of 

Peroxide  of  copper  69*08 
Carbonic  acid  25*46 
Water  5*46 


lOOOO 


2  atoms  cal  l )()iiate  of  copper  15-5 
1  ati^iu  i^rotuh/drat^  of  copper  6*42a 


Sl-625 


we  obtain  the  foUowii^  £mr  its  constituents  per 

cent. 

I^gpozide  of  copper  ^«364 
Carbonic  add  25*438 

Water  5-203 


100 


*  Institution  JouroiU,  IV.  9^76. 
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which  corresponds  so  nearly  With  the  result  ob- 
tained by  Mr.  Phillips  that  there  sccdls  no  rea- 
son to  doubt  that  the  salt  is  really  a  compound 
of  S  atoms  anhydrous  carbonate,  and  1  atom  of 

piotohydrate  of  copper. 

'  We  see  irom  this  native  mineral  that  the  oxide 
of  copper  and  carbonic  add  are  capable  of  com- 
bining atom  to  QijCfn;  altiiough  hitherto  che- 
ousts  have  not  succeeded  in  forming  any  such 
compounds  artifidaDy. 

4.  Phosphate  of  copper.  This  salt,  though  ^^p^*»»«% 
very  rare»  is  occasionally  met  with  in  small 
dark  green  crystals,  and  two  species  have  been 
recognized  by  mineralogists ;  viz.  tiie  anhydi  ous 
phosphate  and  the  hydrous.  The  primary  form 
of  the  first  species  is  considered  by  Mr.  Brooke 
as  a  right  rhombic  phsm,  while  Mr.  Levy  has 
shown  that  the  primary  fdrm  of  the  other  is  ah 
oblique  rhombic  prism. 

from  the  analysis  of  Mr.  Lunn,  it  appears 
that  the  anhydrous  phosphate  is  composed  of 

I  atom  phoiphooo  Mid  a*5 
1  atom  oxide  of  copper  5 

We  have  no  good  analysis  of  tlie  native  hydrous 
phosphate  ^  but  Chenevix  has  given  us  an  ana- 
lysis of  the  artificial  phosphate,  and  from  his  re- 
sult it  appears  to  be  a  compound  of 

16 
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1  •torn  fho^fham  mid  S-S 
1  atom  piMiida  of  copper  5 
1  atom  water  1*125 

His  water  exceeded  an  atom  by  one  tlnrd  ;  but 

as  the  salt  was  in  the  state  of  powder,  this  sur- 
plus was  DO  doubt  mechanical. 
AnmiaiM,    5.  Aneniate  of  copper.   This  mlt  faaa  been 
met  with  in  considerable  quantity  in  Huel  Gar- 
land copper  mine,  in  the  parish  of  Gwennip^ 
Cornwall*    It  waa  analyzed  by  Chenevix»  who 
found  it  to  consist  of  four  different  varieties,  dis- 
tinguished also  by  the  shape  of  the  crystals  aad 
the  colour.  He  formed,  likewise,  an  aneniate  of 
copper  differing  from  any  of  tliese  four  vaiieties^ 
by  mbdng  solutions  of  arseniala  of  ammonia  wad 
nitrate  of  copper  together,  filtrating  the  mixlmc^ 
and  adding  alcohol  to  the  lic^uid  which  passed 
through  the  filter :  rhomboidal  crfstals  of  a  bhie 
colour  gradually  precipitated. 

These  analyses  were  made  at  a  time  when  the 
data  were  not  quite  so  accurate  as  at  present, 
and  no  modern  chemist  has  had  it  in  his  power 
to  repeat  them*  But  I  tliink  it  probable,  from 
Mr.  Chenevix's  analyses,  that  these  five  kinds  of 
arseniates  were  composed  as  follows : 
(1.)  Artificial  arseniate^ 
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1  sloni  MMnic  Mid  7*75 

1  atom  oxide  of  cupper  5 
4  atoms  water  4*5 


17-25 

(2.)  The  second  variety  of  Cheaevix  is  usually  seaquane- 
called  copper  mica.  It  has  a  deep  emerald  green 
colour,  a  spccilic  gravity  of  2*548,  and  is  crys- 
tallized iu  six-sided  plates.  Its  primary  form  is 
an  acute  rhomboid.  It  is  a  subsesquarsentate, 
being  composed  of 

1  atmn  arsenic  acid  7*75 
]  ^  atom  oxide  of  copper  7*75 
3  afams  water  5-375 

18*875 

(3.)  The  third  varkly  of  Cheaevix  is  usually 
called  dioenerz  from  its  colour,  mbieh  is  a  dark 
or  olive  green.  Its  specific  gravity  is  4*S80, 
and  its  primary  £»rm  a  right  rhombic  prism;  it 
consists  of 

1  atom  arsenic  acid  7*75 

24  atoms  oxide  of  copper  12-5 
ii  atoms  water      .       .  6*75 

27*00 

(4.)  The  fourth  variety  of  Chenevix  is  usually 
in  capillary  ciystals  i  its  primary  form  is  an  ob* 
liqiie  rhomb— its  colour  and  specific  graWty  the 
same  as  tiie  preceding.    Its  composition  is  also 
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the  sfttne  as  the  prooediiig»  only  it  CMtUM  bm 

hali'  as  much  water. 

1  atom  arsenic  acid  7"75 

2  J  atoms  oxide  of  copper    1 2*5 

(5.)  The  fifth  variety  of  Chenevix  is  the 
iinzenerz  of  mineralogists.  It  has  a  fine  grass 
green  colour,  a  specific  gravity  of  ^*88I,  and  its 
primary  form  is  an  obtuse  octahedron  with  a 
rectangular  base;  it  contains  twice  as  much 
base  and  thrice  as  much  water  as  the  third  va> 
riety  of  Chenevix,  being  composed  of 

1  atofn  wiemc  acid  7*75 
5«lomsoiid«of€<ipper  25 
IS  ittmii  water  .  S0*85 

53 

In  this  last  salt,  however,  the  water  found  by 
Chenevix  approaches,  nearei'  to  17  than  to  IS 
atoms. 

(}.  Chromate  of  copper.  TWs  salt  was  ob- 
tained by  mixing  together  solutions  of  chromate 
of  potash  and  muriate  of  copper,  A  fine  buff 
coloured  precipitate  with  a  shade  of  dark  red 
fell,  which  was  collected  on  a  filter,  washed  and 
dried  in  the  open  air  at  a  tem|ieratur^  of  bie-' 
tween  70''  apd  80°.    This  powder  appeared  at 
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first  tasteless,  but  it  lefl  a  slightly  sweetish  im- 
pression,  which  was  followed  by  a  feeUng  of  bit- 
terness. It  was  not  absolutely  insoluble  in  wi^ 
ter :  for  the  water  used  for  wasliiug  it  always 
came  thiough  slightly  coloured,  though  I  con- 
tinued to  wash  it  ior  several  days.  It  does  not 
aflFect  vegetable  blues.  13*9  grains  of  this  pow- 
der when  exposed  to  a  red  heat  lost  d«4  grains  of 
its  weight  j  hence,  its  constituents  are 

]  atom  chromic  acid  6*5 
1  Atom  oxide  ^  copper  5 
S  itoiiiit  water  8*25 

15-75 

7.  Acetate  of  copper.   This  salt  has  a  fineAcaiMi^ 

green  colour,  and  crystallizes  in  large  octahe- 
drons with  a  rhomboidal  base.  Mr.  K,  Phillips 
found  that  100  parts  of  this  salt  contain  S9'5  of 
oxide  ot  copper.  And  Berzelius'  experiment, 
when  properly  corrected,  exactly  agrees  with  this 
statement*  Hence,  the  constituenUi  uf  the  salt 
must  be 

1  •       Acetic  add  i  ^S75  or 

Oxide  of  con^      39'5   .  *-  ^ 

JV\9S    -  1-408 

100 

r 

Vi08<  exceeds  1  atom  of  water  by  0*S8d»  or 

*  Annab  of  Phil(»ophy,  (M;conU  serie*)  Vill.  192. 
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aboujt  4tli  of'  ail  atoiu,  doubtless  owing  tA  di* 
presence  of  a  little  hygrametriial  walen    It  k 

obvious^  then,  that  the  coii^titueats  ol  the  bait 

1  atom  acetic  atia        .  o*25 
1  atom  flpMie  of  copper  '5 
1  atom  ivHef        .  .    .  1*I85 

12-975 

Diacecat^  8.  The  pigment  called  verdigris  occurs  some- 
times  of  a  green  coloiir  and  sometiines  of  a  bhie* 
From  the  analysis  oi  Mr.  Piiillips,  with  which 
that  of  Berzeliufi  coiresponds,  we  find  it  a  cocn* 
pound  of 

1  atom  acetic  add 

'i.  atoms  oxide  of  copper  10 
6  atoms  water        .       ,  6*75 

I 

Berzelius  extracted  fiom  verdigris,  or  diacetaU 
qf  cof])erf  as  it  may  be  called,  two  diiierent  saltSi 
the  one  soluble  in  water,  the  other  insoluble. 
SttiMaq[iii.  9.  The  soluble  salt  was  obtained  by  evaporat- 
ing  a  solution  of  verdigris  in  distilled  water  by  a 
very  gentle  heat^  until  tbe  greiter  part  (rf^  its 

line  contents  were  deposited :  by  applying' 
the  whole  was  dissolved,  and  the  solutioQ  was 
mixed  with  alcohol.   In  about  an  hour  a  holkf 
gelatinous  looking  mass  was  deposited^  consist- 
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ini^of  an  agp^regation  of  minute  crystals;  these 
were  collected  on  a  linen  clotli  and  thoroughly 
WBshed;  when  dry  they  had  rather  a  pale  blue 
colour.  100  parts  of  this  salt,  when  kept  for 
some  hours  in  the  temperature  of  140°,  lost,  in 
di£bfent  trials,  9*5,  10,  and  10*3  of  its  weight: 
the  residue,  which  had  acquii^ed  a  greenish  tint, 
was  boiled  for  an  hour  with  hydrate  of  barytes. 
Tile  filtered  liquid,  being  fteed  from  its  excess  of 
baiytes  by  a  current  of  caibonic  acid  gas,  was 
evaporated  to  dryness,  redissolved  and  thrown 
down  by  sulphuric  add :  the  sulphate  of  barytes 
weighed  84,  equivalent  to  35*59^  oi  acetic  acid. 
The  copper  precipitated  by  iron  was  ignited  in 
a  current  of  common  air,  and  then  reduced  by 
hydrogen  gas :  it  gave  34*35^;^  copper,  equivalent 
to  4d*937  oxide  of  copper.  In  other  experiments 
he  obtained  SG-6  and  SO'S  sulphate  of  barytes, 
equivalent  to  43*3  and  43*4  oxide  oi  copper. 
Hence^  the  constituents  of  the  salt  are 

Ao^setd  8S'59S   or  &25 

Osids  of  copper  4S«21S  «  7'58S 
Water      .       •       21195    •  8*721 

100-00() 

6*25  represents  an  atom  of  acetic  acid,  7*^88 
di&rs  little  from  7*^»  An  atom  and  a  half  of  ox- 
ide of  copper  and  3*721  is  not  quite  a  third  of  an 
atom  more  tlian  3'375^  which  represents  3  atoms 
of  water.   Hence^  the  constituents  of  the  salt  are 
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1  oliiii  acetic  add  6^t& 
l^aloai  oBsidaof  cfl|iper  7*^ 
3  atoms  water  3*375 

17*195 

It  is,  therefore,  a  subsesquacetate  of  cc^yper. 
TkiHLMiiit  The  insoluble  salt  is  obtained  by  allowing 

verdigris  to  swdi  up  io  water^  filtering  through 
coarse  linen,  which  retains  the  imporitiesy  and 
lets  the  salt  pass  through*  The  crystalline  scales 
are  now  separated  by  pouring  the  whole  of  the  fil- 
tered solution  on  fine  cambric ; — ^Oiey  afaotild  be 
pressed  closely  together  and  washed  a  few  times 
with^water^  after  this  they  must  be  traosfened 
to  a  paper  fiitier  and  t]K>rougliIy  washed  with 
alcohoL  When  thus  obtained,  the  salt  consti- 
tutes a  mass  of  small  .light  blue  shining  cryataL 
.  line  scales,  having  a  deeper  and  porer  blue  colour 
than  the  subsesquacetate  of  copper.  When  dried 
in  it  loses  a  very  litde  hygroscopic  woier* 
and  does  not  alter  its  apppearance.  From  100 
parts  of  this  salt  Berzelius  obtained  64-^,  and  in 
another  experiment  647  parts  of  oxide  of  copper: 
the  acetic  acid  determined,  as  in  the  preceding 
salty  amounted  to  26*99^  per  cent.  Hence^  the 
constituents  of  the  salt  are 

Acetic  add  26*995   or  &95 

Oxide  of  cof^  54*475  -  14^ 
VTater  .    .   BiiBO    -  1^6 

100<NX> 
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14*9^  is  very  nearly  15,  or  3  atoms  of  oxide  of 

copper ;  and  1*975  wants  a  very  little  of  ^'25  ; 
this  deficit  was  probably  owing  to  the  previous 

exposure  of  the  suit  to  a  heat  of  21 2''.  The  con- 
stituents are  obviously 

1  atom  acetic  acid  6*25 
3  atfloit  oside  of  copper        1 5 
S  atoms  vater  8*25 

28*5* 

This  salt,  is  therefore,  a  trisacetatc  of  copper. 

.11.  Berzelius  obtained  another  insoluble  ace- 
tate of  copper  by  heating  a  dilute  solution  of 
^ubsesquacetate  of  copper.  The  salt  is  deposit- 
ed  m  liver  brown  flocks,  which  become  black 
when  collected  on  the  filter  and  dried.  100 
garts  of  tills  salty  previously  dried  in  the  tempera- 
tine  of  lS(ff  gave  from  91*6  to  9^*^  of  oxide  of 
copper;  and  the  acetic  acid,  determined  by 
.means  of  hydrate  ot  barytes,  was  2*39^  per  cent. 
Hence,  the  constituents  of  the  salt  are 

■ 

Acetic  add  2<S9S  or  6*25 

Qilde  of  copper       9MS0    -  240*51 
Water  5*55S    -  14*522 

100  000 

240*51  corresponds  very  nearly  with  240,  or  48 
atoms  oxide  of  cq>per  j  and  14*5^^  differs  but 

•  AnoibofPhatwpliy,  (second  wits)  VUl.  195. 

Bb9 
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little  froiD  14*6ft5,  or  13  atoms  of  water.  Hence, 

the  constituenU  of  the  salt  are 

1  atom  acetic  ricid  .  ir'23 

48  atoms  oxide  of  copper      240  00 
13  atomi  water  .  14*625 

260-875 

unless  we  be  rather  disposed  to  consider  it  as  a 

mechanical  mixture  of  oxiJc  of  copper  ami  a  lit- 
tle t  risacetate  of  copper  this  I  think  tiie  most 
probable  supposition. 
o%Mi»»,  1^.  Oxalate  of  copper.  This  is  a  green  taste- 
less insoluble  powder,  which,  when  dried  in  tlie 
open  air,  is  a  compoand  of  - 

1  atom  oxalic  acid         •  4*5 
1  atom  o»de  of  copper  5 
1  atom  water  1-I£6 

10*625 

One  liall  of  the  water  is  very  easily  expelled  by 
heat;  but  the  remainder  continues  obstinately 
fixed  till  the  acid  undergoes  decomposition. 
Taruiuf,  IS.  Tartrate  of  copper.  This  salt  is  easily 
formed  by  mixing  dilute  solutions  of  sulphate  of 
copper  and  tartrate  of  potash.  Small  green  crys- 
tals by  degrees  form,  which  are  very  little  soluble 
in  water.   The  constituents  of  tliis  salt  are 

I  atom  tartaric  acid  .  8*25 

1  atom  oxide  of  copper    .  5 
Satoma  water  $-375 

l6-(ji5 
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14.   Formate  of  copper.     This  sail  has  a  Foruuu«. 
greenish  blue  colour,  and  forms  flat  six-sided 
prisms  terminated  by  four-sided  pyramids.  Its 
constitueiits,  iiom  lierzelius'  analysis^  appear  to 
be 

1  atom  fomic  add  4-685 
1  atom  oxide  of  copper  5 
4  atoms  water  4*5 

14-125 

From  the  preceding  list,  vv  hicli  uicludcb  a  con- 
siderable number  ol  native  cupreous  salts»  it  ap^ 
pears  that  most  of  the  salts  of  this  genus  contain 
water  of  crystallization.  In  general  the  quanti- 
ty of  water  is  small,  for  more  than  haU'  the  salts 
in  the  list  contain  only  1»  or  3  atoms.  One 
of  the  carbonates  and  one  of  the  phosphates  are 
anhydrous — green  dicarbonate,  a  phosphate,  ace- 
tate, and  oxalate,  contain  i  atom— chromate  and 
trisacetate  contain  2  atoms — two  arseniates,  sub- 
sesquacetate  and  tartrate,  d^-an  arseniate  and 
formate  4— sulphate  5— an  arseniate  and  verdi- 
gris 6 — ^nitrate  7 — arseniate  18.  With  the 
exception  of  this  last  arseniate,  7  is  the  greatest 
number  of  atoms  of  water  in  any  cupreous  salt 
hitlierto  analyzed* 

18*  SALTS  OF  BISMUTH. 

1.  Sulphate  of  bismuth.  This  salt  is  usually  *»ip>»^ 
in  Uie  state  of  a  white  powder,  though  it  may  be 

BbS 


Digitized  by  Google 


390 


SALTS 


obtaiiud  also  ia  needles.  It  is  usually  anhy- 
drous^ aod  consists  of 

1  atom  sulphuric  acid  5 
1  atom  «ude  a£  biimutfa  10 

15 

Nitimte  ot  bismiitiL  Thk  aalt  may  be  ob- 
tiined  from  s  solotion  of  the  salt,  famed  hy  dis- 
solving bismuth  in  nitiic  acid  ui  water»  by  eva- 
poratiiig  the  solutioD.  It  forms  resry  beaiitifiil 
transparent  colourless  crystals  having  the  diape 
of  pretty  oblique  rhombs. 
The  cQDstituentB  of  these  crystals  are 

1  atom  nitric  acid  6*75 
1  atDm  oxide  of  bismuth  10 
9  w^otDi  water  ^SfS 

20*185 

3.  Dinitrate  of  bismuth.  The  cn^stals  thai 
form  when  bismuth  is  dissolved  in  rather  con- 
centrated nitric  acid,  have  an  excess  of  add 
from  which  they  may  be  iVcccl  by  pressure  be- 
tween folds  of  blotting  paper,  i  analyzed  tliem 
thus  purified  as  much  as  posaiMe^  andXouad  the 
constituents 

1  atom  nitric  acid  6*75 

2  atoms  oxide  of  bismuth  20 

2  atoms  wat«r      >       .  2*25 

«9 


Digitized  by  Google 


OF  BISMUTH*  391 

4.  Carbonale  of  bismutb.  Thb  salt  was  ob>  a^xm^ 
tained  by  decomposing  nitrate  of  bismuth  by  an 

alkaline  carbonate.  The  white  precipitate,  being 
collected  on  a  filter,  washed,  and  dried,  waa.a 
white  tasteless  powder,  quite  insoluble  in  water. 
•  100  grains  of  it  being  dissolved  in  nitric  acid, 
the  loss  of  weight  was  7*6  grains.  100  grains  of 
the  same  salt  were  gradually  heated  to  redness 
in  a  platinum  crucible,  the  oxide  remaining  was 
partially  fused,  and  the  loss  of  weight  was  IdrS 
grains.    Hence,  the  constituents  of  this  salt  aie 

Carbonicicid       •      7*5    or  S*75 
Oxide  of  biamnth        86-2    -  3\  606 
Water  .       .       6-3    -  2Sl 

1000 

From  this  anal3r8is  there  can  be  little  doubt  that 
the  constituents  oi  this  salt  are 

1  atom  carbonic  add       •  S*75 
S  atoms  oxide  of  bfiamuth  SO 
£  atomt  water  8"25 

S'5 

It  is  therefore  a  triscarbonate.  The  small  excess 
of  oxide  observable  in  the  analysic^  was  probably 
mechanically  mixed  with  the  salt,  and  the  very 

slight  excesis  of  water  was  uadoubledly  hygro- 
metricaL 

5.  Phosphate  of*  bismuth.   This  satt  was  ob*n>oqiiMi^ 

tained  by  adding  as  much  intiic  acid  to  a  solu- 

Bb4 
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tion  of  nitrate  of  bisnnith  .as.  pteveoted  the  salt 
ftoni -being  thiovn  dowa  bjr*9ratar«  Hio^iiiAi 

of  soda  beinf''  poured  into  this  solution,  a  white 
precipitate  iell,  which  was  phosphate  oi  bismutk 
When  collected  on  the  filter,  washed,  ^  ^bbI 
in  the  open  air,  it  constituted  a  white  tasteless 
powder»  inscduble  in  water,  and  appareatfy  Deo- 
tral ;  5*S3  grains  of  this  salt  when  exposed  to  i 
red  head  did  not  melt,  but  lost  1  grain  of  mois- 
ture.  Hence^  its  constituents  are 

m 

AnhjFdrout  phosphato    MS   or  tS^ 
•     .      1      «  s*m 

I  consider  its  constituents  to  be 

1  atom  phoi^phoric  acid  3-5 
1  atom  oxide  of  tnimoth  10 
S  atoms  water    •      •  5*575 

HI 

16-S75 

i^rbcniau,  6.  Arscniate  of  bismuth.  This  salt  was  foniicd 
by  the  same  process  as  the  last,  merely  substi- 
tuting arseniate  of  soda  fiir  phosphaiie  of  sodii 
When  the  arseniate  oi'  bismuth  was  collected  oa 
the  filter, .  washed,  and  diied  in  the  open  Mtt 
it  constituted  a  white  powder  witli  a  slight  flhiilt 
of  yellow.  It  was  tasteless  and  insoluble  io 
waler»  and  did  not  alter  wgetaUe  bines ;  hence, 
I 'Consider  it  as  a  neutral  suit.    19^6  grsimtf 

IS 
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wiMi  €xpaied  to  a  red  iieal;  umAommt  no 

apparent  change^  but  lost  SOI  grains  of  weight 
UeDce»  I  am  disposed  to  consider  tbe  salt  as 
composed  of 

I  atom  araeuk  acid  7*75 

1  atom  oxide  of  bismuth  10 

2  atoms  water      •      •  2*25 


20 

7.  Chiomate  of  bismuth.    This  salt  wascwuic, 

formed  in  the  same  way  as  the  two  last,  chro- 
mate  of  potash  being  substituted  for  phosphate  of 
soda*  When  collected  on  the  filter*  washed,  and 
dried,  it  constituted  a  fine  yellow  tasteless  pow- 
der, insoluble  in  water,  and  not  alterii^  vegeta* 
ble  blues.  18*86  grains  of  this  salt  being  heated 
to  redness,  did  not  melt,  but  lost  its  fine  yellow 
colour,  and  became  light  yellowish  brown.  The 
loss  of  weight  was  @*d64  grains.  Hence,  the 
Constituents  of  the  salt  must  be 

1  atom  chromic  add        *  6*5 

1  «tim  oKide  tf  biaointb  10 

2  atoms  water,.  2<85 

18*75 

4 

8.  Oxalate  of  bismutl).    This  salt  was  formed  Oxalate, 
in  the  sasae  way  aa4iie  preceding  one,  substitut- 
ing malate  f£  ammonia  for  cluromate  of  potash. 

When  collected  on  the  tiitec,  washed,  and  dried 
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in  the  open  air^  it  is  a  fine  white  tasteless  pow- 
der»  inioluble  in  water*  and  producing  no  change 
on  vegetable  Uuea.  14*89  gnms  of  tins  sallt 
exposed  to  the  greatest  heat  of  tlie  sand  bath, 
gave  out  water,  and  lost  0*^9  grain  of  we^ht. 
Hiis  was  water  mechanically  lodged.  The  salt 
is  anhydrous*  and  composed  of 

1  atom  oxalic  add       •  4*5 
1  atom  oiide  of  bimntli  10 

14*5 

Tmtau,  9.  Tartrate  of  bismuth.  Formed  in  the  same 
way— d  iine  white  tasteless  insoluble  powder, 
23*7  grains  when  heated  on  the  sand  bath  ^ive 
out  grains  water:  hence,  the  constituents 
are 

1  atom  tartaric  acid       .  8*25 
1  atom  oodde  of  bifmiUh  10 
5  aUmu  water      •  5'(r25 

2M75 

The  salts  of  bismuth,  if  any  consequences  can 

be  drawn  from  the  preceding  Kst,  seem  in 
general  to  contain  2  or  3  atoms  of  water*  Two 
of  the  salts*  the  sulphate  and  oxalate,  are  anby* 
drous — ^foui'*  the  dinitrate*  carbonate*  arseniate, 
and  chrofnate*  contain  S.atoms— two^  the  nitrsle 
and  phoqphate*  contain  3  atom8»  while  tbe  tsr* 
trate  contains  6  atoms. 
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19*  SALTS  OF  MERCURT. 

Both  of  the  oxides  of  mercory  combine  with 

acids  and  form  salts,  several  of  which  are  capa- 
ble ok  ciystaUiaung. 

(1.)  PROT08ALT8. 

<   

1.  Protosulphate  of  mercury.    This  salt  is  j^^j^wit* 
formed  when  sulphuric  acid  is  heated  on  mer- 
cury.  Sulphurous  add  exhales,  and  protosul- 
phate  of  mercury  is  graduaily  deposited  in  fine 

white  crystals.  When  these  crystals  are  washed 
with  a  little  water  they  may  be  dried  on  blotting 
paper ;  in  this  state  they  constitute  a  white  salt 
in  scales.  It  has  very  little  taste,  reddens  vege- 
table blues,  and  when  heated  on  the  sand  bath 
the  colour  becomes  darker,  the  salt  assumes  a 
silky  lustre,  and  the  scaly  structure  is  much 
more  conspicuous,  32725  grains  heated  on  the 
sand  bath  lost  i  725  grain.  Probably  the  con- 
stituents are 

1  ilom  wlpiittric  acid  5 

1  alom  protoxide  of  inercary  26 

2  atoms  water  8<85 

2.  Nitrate  of  mercury.   This  salt  is  easily  ob-  Nitme, 

taincd  by  dissolving  in  nitric  acid  of  the  specific 
gravity  1*4^  as  much  mercury  as  it  will  take 
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up :  the  quantity  exceeds  twice  the  weight  of 
the  acid — ^lieat  is  produced  during  the  solution— 
the  liquid  is  transparent  and  colourless  like  water; 
on  cooling,  it  deposites  a  very  considerable  num- 
ber of  white  crystals^  which  constitute  the  salt  in 
question.  I  have  not  myself  been  able  to  deter- 
mine the  shape  of  these  crystals ;  but  they  arc 
said  to  be  octahedrons  with  tiieir  apexes  trun- 
cated. I  have  always  crfitained  them  in  prisns, 
seemingly  fbur-sided.  This  salt  is  not  altered 
by  exposure  to  the  air  j  it  has  the  disagreeable 
taste  which  distinguishes  the  soluble  merantal 
salts.  When  digested  in  water,  it  dissolves  only 
partially,  leaving  a  green  powder  which  is  a  sub> 
nitrate  of  mercury ;  but  it  dissolves  with  iacili^ 
in  water  acidulated  with  nitric  acid.  50  grains 
of  this  salt  were  decompo^  by  caustic  potash. 
The  protoxide  of  mercury  (not  quite  free  from 
peroxide)  weighed  87*6  grains.  Now,  as  the 
atomic  weiglit  of  protoxide  of  mercury  is  26^  we 
have  £6  :  67^  : :  37*6  :  976  »  nitricadd  <if  the 
salt.  50  —  37-6  =  12*4,  and  —  9*76  » 
1^*64^  the  water  contained  in  50  grains  of  titm 
salt   Hence,  the  constituents  ought  to  be 

Nitric  aciil  .       y-'^G    or  6-75 

IVotoxide  of  mercury  37'6o    -  26 
Water         .      .      2-64    -  1S25 


50 

Tiie  water  amounts  to  If  aioui.    As  tlie  oxide 
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of  mercury  was  mixed  witli  some  .peroxide,  1 
am  dimmed  to  consider  the  aalt  as  a  cocapound 
of 

1  atHB  nitric  add  .  6*75 

1  atom  prolosdcle    mercury  S6 

2  fttmnt  water  •  fl*95 

35 

I  attempted  to  determine  the  quantity  of  nitric 
acid  in  50  grains  ul  this  salt  by  means  of  carbo- 
nate oi  bary tesy  and  by  means  of  ammonia ;  but 
neither  of  die  results  was  satisfactory. 

M.  Giouveile  has  examined  the  di proton itrate 
of  mercury,  obtained  by  decomposing  the  proto- 
nitrate,  by  means  of  water,  and  shown  it  to  be 
a  compound  of 

1  atom  nitric  acid  •  6*75 

2  atoms  protoxide  of  mercury  52 

58-75 

It  contains  no  water.* 

3.  Frotocarbonate  of  mercury.  This  salt  was  Atnocar. 
obtained  by  precipitating  a  solution  of  nitrate  of***"^ 
mercury  by  carbonate  of  soda.  It  is  a  white, 
tasteless  powder,  insoluble  in  water*  41*4  grains 
of  it  were  dissolved  in  nitric  acid  in  a  small  two 
moutlied  phial,  previously  accurately  poised  in  a 
balance;  die  loss  of  weight  was  6  grains,  or 

»  Ann.  de  (Mm*  at  de  XIX 
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rattier  5-98  grains.  Now,  35*^  :  6:  7<6:4r406 
»  carbonic  acid  united  to  t6  grains  of  prol* 
oxide  of  mercury.  4-406  approaciies  so  im 
4*ld5»  wiiich  is  equivalent  to  an  atom  and  a 

half  of  carbonic  acid,  that  there  seems  no  doubt 
that  the  salt  was  a  sesquicarbonate»  composed  of 

1^  atom  cntaiic  acid  4'1S5 
1  atom  pntoxide  of  mcrcuty  <6 


S0*125 


22JP*«^  4.  Protophosphate  of  mercury.  This  salt  was 
obtained  by  decomposing  nitrate  ot  mercury  b; 
phosphate  of  soda.  It  is  a  white  tastekas  pow- 
der, insoluble  in  water.  From  96*2  grains  of 
nitrate  of  mercury  I  got  85*8  gratas  ai  phosphate 
of  mercury ;  the  phosphate,  after  being  dried  id 
tl^  open  ail*,  lost  scarcely  any  weight  on  tbe 
sand  bath*  From  this  it  is  obviooSt  that  tlie 
phosphate  of  merjcury  is  anhydrous,  and  fk 
weight  of  the  salt  from  96*^  of  nitrate  ^ows 
that  it  is  composed  of 

1  atxmi  nitric  add  6*75 
,  1  atom  iirofiNude  of  mercury  e6 


5.  Protarseniate  of  mercury.  It  is  obtained 
when  arseniate  of  soda  is  poured  into  a  soluuoQ 
of  protonltrate  of  mercury.  It  is  a  grey  powto 
destitute  of  taste»  and  insoluble  in  water.  As  it 
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loaea  no  weight  when  heated  oo  the  sfuid  bath» 

it  is  aBhydrou3»  and  is  composed  of 

1  atom  arsenic  acid  .  7*75 

1  atom  protoxide  of  mercury  26 

33-75 

6.  Arotochromate  of  mercury.  .  This  is  a  fine  Protodvo. 
red  coloured  insoluble  powder,  obtained  by  mix-"^ 
ing  together  solutions  of  protonitrate  of  mercury 
and  chromate  of  potash.  50  grains  of  this  salt 
dried  in  the  open  air,  were  digested  in  a  solution 
of  caustic  potash  ^  the  protoxide  ot  mercury  was 
separated  in  the  state  of  a  black  powder,  whicbp 
dried  in  a  gentle  heat,  weighed  38*57  grains. 
The  potash  liquid  assumed  a  yellow  colour  ^  it 
was  neutralized  by  nitric  acid,  and  mixed  with 
a  solution  of  nitrate  of  lead  till  the  whole  chro- 
mic acid  was  thrown  down*  The  chromate  of 
lead  dried  on  the  sand  bath  weighed  31*57 
grains,  equivalent  to  10-01  grains  of  chromic 
acid.  Thus  it  appears,  that  the  constituents  of 
the  salt  are 

Chromic  acid  10  01    or  6*5 

PMoxideof  mmitfy   38*57    -  SSOS 
Water  V4A    -  O^S 

50-00 

.Tlt&.  water  heing  less  than  an  atom,  it  is  obvious 
that  the  salt  is  anhydrous,  and  that  the  sniall 


Digitized  by  Google 


4UU 


quantity  of  luoisture  preset  is  menly  hygto- 
metricaL   Doubtkii  tbt  ttm  niwtHimifti  cf 

this  salt  are 

1  atom  chromic  acid  6^5 
I  atom  protojLide  oi'  mercury  26 

52*5 

The  reason  why  the  weight  of  the  protoxide  of 
mercury  appears  less  than  tlie  truth,  is  that  a 
certain  portion  of  it  was  reduced  to  the  metallic 
state  during  the  drying.  This  Hkewise  increased 
the  apparent  quantity  of  water,  by  occasionrng 
aloft. 

7-  ProtLicctate  of  mercury.  This  salt  is  imme- 
diately deposited  in  beautif  ul  silky  scales^  when 
aolutioiis  of  nitrate  of  mercury  and  acetate  of 

soda  are  mixed  together.  It  has  the  disagreea- 
ble taste  oi  tlie  uxercurial  salta ,  but  it  is  the  least 
soluble  of  all  the  acetates,  requiring  aliocifc  wa 
Imndred  times  its  weiglit  of  water  to  dissolve  it. 
On  this  account,  nitiate  of  mercury  majr  be  em- 
ployed as  a  good  reagent  to  discover  the  pie- 
sence  of  acetic  acid  in  saline  solutions.  If  the 
quantity  of  acetic  acid  present  exceed  vfalh  of 
die  weight  of  the  liquid,  the  ailvety  scales  of 
acetate  of  mercuiy  almost  always  present  them- 
selves. 10  grains  ot  these  scales  b^ng  digeated 
in  a  flask  with  caustic  potash  gave  6*98  grains 
oi  piotoxide  of  mercury;  hence,  the  acid  and 
water  in  tliese  10  grains  amounted  to  S'Qsi 
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grams.  But  2i)  :  6'!25  :  :  6-9H  :  1*678  =  acid  in 
the  10  grams  ok  salt :  And  —  1-678  » 
1  *d4>2  a»  water  in  the  10  grains.  Hence,  the 
constituents  are 

Acetic  acid  l-G'JS     or  6*25 

Protoxide  of  mercury    6*dS       -  26 
Water  l-84£     *  4*99 

From  this  it  foUowSi  that  the  constituents  of  the 

salt  aie 

1  Atom  acetic  acid  6*25 
1  atom  protoxide  of  mercury  26 
4  atoms  water        .      .  4*5 

56-75 

The  ezoess  of  ivater  in  the  experimental  reftult 

is  owing"  to  the  cause  pointed  out,  while  giving 
an  account  of  the  constituents  of  protochromate 
of  mercury. 

8.  Protoxalate  of  mercury.  This  salt  may  be  i*rotoia^ 
easily  obtained  mixing  together  solutions  of 
nitrate  of  mercury  and  oxalate  of  ammonia.  It 
precipitates  in  the  state  of  a  white  powder, 
which  is  neariy  tasteless  and  insoluble  in  water. 
Whenf  dried  in  a  beat  of  about  100^,  it  is  a  beau- 
tiiui  white  powder,  which  when  placed  on  the 
^d  1>ath  giveb  out  a  little  water ;  it  then  Ex- 
plodes with  considerable  violence.  In  conse- 
quence of  this  (^operty  I  did  not  succeed  in  de- 
tenniffinj;  the  -water  of  crystallization.  But 

Voiu  II.  c  c 
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judging  irom  the  (]iiuntit)  ot  water  actuallj 
given  out,  I  consider  tiie  oonstituenu  t0  be 

J  n  • 

1  atom  oxalic  add  4*^ 
1  atom  protoxide  of  iqercuiy 

1  atom  water  1125 

Frofloitfw  Prototartrate  of  inercur>^    This  sail  preci- 

pitates  when  tartrate  of  potasii  is  mixed  with  so- 
lution of  protonitrate  of  mercury.  The  precipi- 
tate, when  it  first  falls,  is  snow  white  ;  but  in  a 
few  minutes  it  black^s  considerably,  and,  when 
collected  on  the  fitter,  washed  and  dried  in  the 
open  air,  it  is  grey.  It  has  scarcely  any  taste, 
and  does  not  appear  soluble  in  water*  50  gndns 
of  this  salt  were  exposed  m  a  plaliouin  crociUe 
on  the  sand  bath.  No  water  was  exhaled  j  bui 
the  salt  blackened,  in  consequence  of  the  dectm- 
position  of  the  tartaric  acid,  and  lost  1*9  graun  of 
its  weight.  From  this  experiment  I  coosida' 
the  salt  as  anhydrous,  and  composed  of 

&  mm  taitttio  add         <    e<S9  •  3  - 

'  \  I  atom  protoxide  of  ffierpufy  «6  ;^  . 

From  the  preceding  list  of  the  protosalts  of  mer- 
cury it  appears  that,  as  tar  as  their  wator  of 
crystallization  is  concerned,  they  bear  a  great  » 
semblance  to  the  salts  of  lead.   Most  of' then 
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are  «iihydrou8>  and  the  Hvi  contanfi  1,  or4 
atoms  ot  water. 

Six  species,  viz.  Diprotonitrate,  protocarbo- 
irnte,  protophosphate,  protarseniate,  protochro- 
matey  aod.prototartrate,  are  aohydrous--K>ne,  the 
oxalate^  contains  1  atom  water«--two,  the  proto- 
sulphate  and  pioiouitrate,  contain  ^ — and  one, 
protacetate».  contains  4. 

(^0  PERSALTS  OF  MERCURY. 

1«  Persulphate  of  m«cury.  This  salt,  accord-  Pwwt. 
ing  to  the  observations  of  Fouicioy,  wliich  are^^*^ 
toa  oonaidefable  extent  connect,  exists  in  van. 
ons  states;  but  the  neutral  salt  is  the  beautifui 
yellow  powder,  known  by  the  name  of  turpeth 
mittend,  or  queen's  yellow.  It  is  a  tasteless  ii^ 
soldbl^  powder,  the  constituents  dT  which  are 

1  atom  sulphuric  acitl  .  5 
1  atom  peroxide  of  mercury  27 


^.  Biperaaiphate  of  mercury*  In  white  irre-  ^^^^ 
gular  crystals.    I  found  tliem  composed  of 

2  atoms  sulphuric  acid       .  10 
1  atoiii  pe  roxide  of  mercury  27 
'     latomwatw        .         .    '  1*125 

ill     l')l.,).f  .  *    -  ■  •«       •  ' 

'i9^'Benicitili1;e  of  mercury.   TWs  is  a  beautiful  ^enHn$^ 
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transparent  and  colourless  salt*  which  ( rystallizei 
in  i  lioinbic  prisms,  with  angles  of  about  74«**  and 
106\  I  formed  it  by  accident  some  jeais  ago. 
When  thrown  into  water  it  is  decomposed,  per- 
oxide of  mercury  remaining,  Wlien  heated,  it 
becomes  first  opaque>  then  yelioWy  and  is  at  last 
dissipated.    Its  constituents  are  as  follows : 

1  atom  nitric  acid         •  6*75 
1  atmn  peroxide  of  mercury  27 

SS-75 

DiiKrni.  4.  Dipcrnitrati'  of  mercury.  This  salt  was 
examincii  by  M.  Grouveiie,  who  informs  us  that 
it  is  anhydrous,  and  composed  of 

I  atom  nitric  acid  6*75 

il  atoms  peroxide  of  mercury  54 

60-75  • 

SALIS  OF  SILVER. 

The  oiil)'  good  sol V  (Jilt  of  silver  is  nitric  acid. 
The  combinations  of  tlie  oxide  oi  silver,  with 
most  of  the  other  acids,  are  insoluble  in  water, 
or  at  least  require  a  great  deal  of  that  liquid  to 
dissolve  them. 

Nitmcb       1.  Nitrate  of  silver.   This  well  known  and 

beautiful  salt  crystallizes  in  rhombs,  whicii  are 
usually  iiat  ^  and  the  angles  of  the  large  face, 

*  Ann.  (le  Chim.  et  dc  Fhys.  XIX.  14a 
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measured  a$  carefully  as  possible  with  the  com- 

inon  goniometer,  are  70°  87',  and  10^/  23'.  The 
u^ual  plates  ia  which  its  crystals  appear,  it'  at- 
tentively examined*  show  dearly  enough  that 
the  sliape  i^s  rhomboidal,  and  the  angles  of  the 
larger  £ices  may  easily  be  observed;  but,  by 
spontaneous  crystallization,  I  have  obtained  large 
and  very  regular  crystals — though  the  iaces  were 
not  smooth  enough  to  admit  of  measurement  by 
the  reflecting  goniometer*  The  properties  of 
this  salt  aie  sufficiently  known.  It  dissolves  in 
its  own  weight  of  cold  water,  and  in  about  fiMir 
times  its  weight  of  alcohol.  Its  taste  is  exceed- 
ingly acrid,  and  it  constitutes  a  violent  poison. 
When  heated  it  melts,  and,  on  cooling,  congeals  in- 
to a  mass  of  a  grey  colour,  and  composed  of  small 
needle-form  crystals.  In  this  state  it  as  used  by  sur- 
geons as  an  eschaiotic,  under  the  name  of  bautr 

caustic,  I  have  never  vut  met  \\  ith  lunar  causae, 
as  it  is  prepared  ibr  sale,  absolutely  pure.  It  al- 
ways contains  some  gdd,  and  oilen  a  little  cop- 
per. Both  of  these  luctals  sej):u  ate  in  dark  flocks 
when  the  caustic  is  dissolved  in  watei*  Mot  un- 
frequently  it  contains  nitrate  of  potash ;  and 
perhaps  tliere  may  be  otiier  occasional  uupnri- 
ties,  i^hich  I  have  not  detected.  This  salt  is  an- 
liydroiis,  both  when  crystallized  and  in  the  state 
of  lunar  caustic.  21*5  grains  of  the  crystals, 
dried  upon  blotting  paper,  when  kept  for 
minutes  in  a  state  of  fusion  in  a  pl^inum  cru- 
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cible,  lost  MiOl  grain  of  ivater.  This  is  some- 
what less  til  in  J-th  of  an  atom,  and  was  doubt- 
less lodged  mechauicatly  between  the  plates  of 
the  ciystak.   The  constituents  of  nitrate  of  sit 

ver  are  *    *  ' 

r 

1  atom  nitric  acid  •  6'75 

I  atom  oxide  of  silver     •  14*75 

w 

Syiphaicb  2.  Sulphate  of  silver.  I  obtained  ilns  di 
both  by  digesting  sulphuric  add  over  oxuie  ^ 
silver,  and  by  mixing  together  ooncentratodai^ 
lutioas  of  nitrate  of  silver  and  sulphate  oi'  soda. 
The  salt  &Us  in  the  state  of  a  wbit^.ffmiai 
which  may  be  dissolved  in  about  88  tiass^iftr 
weight  of  boiliiq;  water.  When  the  sduuou 
oools  the  salt  is  psrdy  deposited  in  the  siatB  of 

small  needles.  This  salt  has  the  peculiarly  di* 
greeable  taste  which  characterizes  ail  the  sUubie 
salts  of  silver.  Sulphate  of  aUwer  malts 
exposed  to  a  moderate  heat ;  and  if  the  tempe- 
rature be  raised,  the  oxide  is  reduced  to  the  loe- 
tallic  state.  The  salt  is  anhydtous ;  fov  19*^ 
grains  of  it,  being  heated  on  the  sand  bath  till  it 
became  yellow^  and  consequently  till  it  began  to 
be  dacomposed,  lo^lt  0-07  grain  of  its  ireight 
Nuw»  this  quantity,  supposing  it  all  water,  wptiii 
anomt  only  to  rather  Jos  tiiaa  iilftb'Oi'  aa 
.The  Qonstituents  of  the  salt  are        •   I'r  • 
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X  liDm  sulphuric  acid     .      6 , 

1  atom  oxide  of  lilm  14'7S 

■»  «      ,  . 

3.  Carbonate  of  silver.  This  salt  is  easily  ob-  c-rbomue, 
tamed  by  mixing  together  solutions  of  nitrate  of 
ttlver,  and  an  alkaline  carbonate.  It  constitutes 
a  white  insoluble  powder^  witii  a  sliglit  shade  of 
blue.  When  this  salt  is  mixed  with  dilute  ni- 
tric acid,  a  pretty  rapid  effervescence  takes  place, 
owing  to  the  escape  of  the  carbonic  acid  gas, 
and  a  colourless  solution  is  obtained.  I  found 
that  58*7  grains  of  carbonafje-  of  sSver  yielded 
47*87  grains  of  fused  nitrate  of  sliver.  Tbtsis 
eqoivttlent  (x>  8^1*84^1  grains  <)f  - oxide  of  ailveK 
Now,  1475  :  «*57  :  :  :  6«1«*  ^  carbonic 

acid  united  to  the  oxide  of  silver.  But,  3(tS4tl 
^  38^968,  wlmh  tatiier  e^Kseeds  the 
weight  of  carbonate  of  silver  employed,  ft  is 
obvious  from  this  that  the  salt  k  anhydrous,  and 
that  its  ocpnstituenta  are 

•      »  • 

1  atom  carbonic  ackl       .      d*7^  •  • 

I       1  atu^  oxule  ol* jsiiyer.     .     14.-75  , 

« 

■  '         *  ^ 

4»  Phosphate  of  silver.  When  nitrate  of  silver  i>imn]iIvii% 

and  phosphate  of  soda  are  dissolved  in  separate 
portions  ot  water,  and  the  solutions  are  mixed, 
there  falls  down  a  fine  yellow  coloured  precipt* 
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tate,  which  is  phosphate  of  silver.  This  powtier 
is  insoluble  in  water ;  but  not  quite  destitute  of 

the  peculiar  taste  which  characterizes  the  salts  ot' 
silver.  43  grains  of  anhydrous  nitrate  of  dm 
were  mixed  with  a  solution  of  42  grains  of  pta»- 
pbate  of  soda.  Tlie  yellow  coloui  ed  preciptatei 
when  wasbe4  and  dried  on  the  filter,  wei^ 
27*74  grains.  When  exposed  to  heat  on  the 
sand  bath,  it  gave  out  no  water,  and  did  not  lose 
any  sensible  weight.  A  little  carbonate  of  »di 
being  dropt  into  the  liquid  from  which  the  yel- 
low precipitate  teU»  a  new  portion  ol  yellow  fs^ 
cipitate  appeared,  which,  being  collected  qui 
filter,  washed,  and  dried,  weighed  8*5  grains. 
It  was  rather  paler  coloured  tbaa  the  fisst  ])M- 
pitftte,  but  in  other  respects  similar.  It  was  sin 
anhydrous. 

'  Thus,  the  predpitate  from  48  graios  of  ^ 
trate  of  silver  weighed  36*24  grains ;  it  lost, 
when  heated  to  redness,  0*6M.giaui,  andvas 
reduced  to  d5*6l6  grains ;  it  contained  ill  the 

oxide  of"  silver  in  43  grains  of  iiiti^ate,  or  29'5 
grains— -the  remainder  of  the  weight  consisted  of 
phosphoric  acid.  Hence,  the  phosphate  of  A 
ver  obtained  in  this  way,  wub  composed  of 


Oxide  of  silver  29  5  or 

Phosphoric  add      .        6*1  i  6    -  «f*0^ 

14*75  is  the  weight  of  apatom  of  oxideofsil^^i 
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and  S06S  is  not  quite  ^th  Jm-  than  the  weight 

of  an  atom  ot  phosplioric  acid.    It  is  obvious 
that  neutral  phosphate  of  silver  is  composed  of 

I  atom  photphoric  tdd     .     3*5  ,  r  "  , 

1  atom  oxide  of  silver  14*7^ 

'  I  •  >  •  I ' '    *.J  .  i ;  { . 

There  wus  au  excess  of  of^Q.j^\^^^  salt  wj^^ 
1  obtained  i  for  that  sal^  .^pposejj^o^ 

1  atom  phosphoric  acid  S'5 

1  atom  oxide  oi  silver  14*7^  +  213 

This  surplus  amounts  uwiy  to  ^Hx  piMrt,  whicii 
1  oonsider  as  tioo  small  to  cxNOstftute  wm  atootic 

addition.  .  .  -  "      r  . 

When  the  yellow  phosphate  of  fiiy&c  is.d9ttt- 
ed  in  phosphoric  acid,  we  obtain  a  wUtei  salt» 
which  I  have  not  analyzed^  but  which  is  certaiuly 
either  a  neutral  phosphate  or  a  biphoiipate  of  bO- 
•ver,— -probably  the  latter.  ' 

If  we  were  to  suppose  the  yellow  pliosphatc  of 
silMr  a  mixture  of  «fi  atoms  neotnal  phosphate  of 

silver  and  1  atom  diphosphate  of  silver,  we  would 
obtam  very  nearly  the  same  constituents  that  I 
procured  For 

6  atoms  phosphate  of  r  Phosphoric  acid  S 1  \ 

bilvci  weigh  I  Ox. lie  of  silver  88  5  j  ^^'^ 

,      ,         ( Acid      .       .         S-5 ) 

1  .U*.  diphosphate  |o«b    .      .  29-5 } 
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>iSo  that  tba  w4»  ■winf  to 
And  die  add  to 


•  * 


118 


Now,      «3-5,  and  ue«i7,  which  approdies 

very  nearly  to  l&SS,  the  quantity  of  silver  con- 
tained in  the  salt  which  I  examined. 
^»"^'i>^     5.  Arsemate  of  silver.    When  solutions  of 

nitrate  of  silver  and  arseniate  of  soda  are  miied  I 

#  I 

together  in  the  atomic  proportions^  a  flesh  co» 
loured  precipitate  falls  in  krge  flocks.  THi 
precipitate  is  arseniate  of  silver  it  is  tasteless, 
or  aeailjr  sOi  and  is  inacduble  m  watier.  Vki 

dried  it  becomes  reddisli  brown  ;  when  heatedto 
redness  it  becomes  nearly  blacky  and 
grainy  when  dius  treatedt  Umt      grmn  (t  ^ 
ter,  which  was  obviously  merely  lodged  me-  , 
chanicaily  in  the  powder.   By  this  treatment  the 
powder  assumes  nearly  a  black  colour. 

4fi^  grains  of  auiiydruus  nitrate  of  silver  were 
dissolved  in  water,  and  nuxed  with  a  $oitttiai«f 
41*5  grains  of  the  crystals  of  arseniate  of 
the  flesh  red  powder  which  precipitated  being 
collected,  washed,  and  driedon  the  filter,  iwibM 
37^7^  grains.  Ammonia  being  poured  into  the 
residual  liquid  an  additional  flesh  red  precipitate 
fell,  which  weighed,  when  dry,  %  grains;  lo 
that  the  whole  arseniate  of  silver  obtained  from 
43  grains  of  nitrate  of  silver  was  397^  graim; 
which,  by  exposure  to  a*  red  heat,  was  reduorf 
to  3i>*^  grains.        it  contained  all  tbe^^ 
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in  the  43  grains  of  nitrate  It  was  dbvionslj  a 

posed  of 

Oxide  of  silver  29*5     or  147*'> 

lie  add      .        9*72    -  4*86 


1475  represents  itn  atom  of  oaude  of  silver^  but 
4'86iB  less  than  an  atom  of  araanicaoid  bjS'BQ^ 

ivhich  is  rather  more  tluin  the  third  of  an  atom. 
We  see  from  this,  that  the  arseniate  of  silver^ 
(like  the  phosphate)  when  obtained  by  precipi^ 
tation,  is  not  an  accurate  atomic  compound it 
19  doubtless  a  mixture  oi  two  m  more  arseniates 
in  difimot  states  of  aalusatiatt.  It  jb.  compoiad 
of  • 

•  * 

1  atom  arsenic  acid        »         7 '7 5 

I  atom  oxide  of  silver    •      14-75  +  S*771 

8771  exceeds  half  an  atom  by  only  1*896; 
tience,  it  is  obvious  that  the  greater  part  of  the 
prediiitate  is  a  sobsesqaaisemate  of  irilver,  com- 
posed ot 


1  atom  iirscnic  acid      •  7*75 
1^  atom  oxide  of  silver  2^*125 


8W75 

'111  *  ' 

With  this  subsesquai  beniate  tiiere  is  mixed  a 
small  ponioo  of  di^uhseniate  of*  silver. 
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CfaranMie,  6.  Chromaie  oi  silver*  Tliis  salt  is  easily  ob* 
tained  by  inixing  together  solutions  of  nitrate  of 
silver  and  chronvale  ofputusli.  The  chroniate  of 
silver  falls  in  the  state  of  a  dark  red  powder, 
which  is  insoluble  in  water,  or  nearly  so,  and  not 
altered  by  expobuie  to  heat.  43  grains  ot  aii- 
bydrous  nitrate  of  silver  being  dissolved  in  wa- 
ter and  mixed  with  a  sotution  of  d5  grains  of 
chromate  of  potasb,  the  chroiiiate  ot  silv  er  ob- 
tained by  precipitation,  after  being  washed  and 
dried,  weighed  39*67  grains.  Carbonate  of  soda 
being  dropped  iuto  tiie  residual  liquid  a  sliglit  ad- 
ditional precipitate  was  obteined,  whidi  weighed 
very  nearly  grains ;  so  that  the  whole  chro- 
mate of  silver  obtained  weigtied  4^«17  grains. 
Now,  if  we  suppose  it  to  be  a  compound  of 

1  atom  cfaimmc  acid      .  6*5 
1  atom  oxide  of  sitver  14*75 

21*95 

the  whole  of  it  would  have  amouuted  to  VZ'J 
grains.  This  approaches  so  near  the  quaotU)' 
actually  obtained,  that  there  seems  no  room  for 
doubting  tiiat  the  correct  coustitueuts  ot  the  :»ait 
are  those  just  stated. 
AcoMfy  7,  Acetate  of  silver.  This  salt  may  be  oh- 
tauied  by  digesting  oxide  of  silver  in  acetic  add. 
The  solution  is  colourless,  but  yields,  by  evapo- 
raliouy  while  ciysuU  b,4viog  a  silky  liistic,  aiid 
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the  form  of  long  but  small  four-sided  flat  prisms. 
The  salt  is  extremely  lights  and  vety  ^aiiagly 
soluble  iti  wat^r. 

76  grains  of  these  crystals  were  digested  in 
nitric  add  till  the  acetic  add  wbb  disengaged, 
and  then  evaporated  to  drjmess, — ^the  anhydrous' 
nitrate  of  silver  weighed  78  grains.  Now,  7^  • 
91*5  ::  76  :  £0*9^  »  atomic  wdght  of  acetate  of 
silver.    Hence,  its  constituents  must  be 

1  atom  acetic  acid  "  .  6*25 
1  atom  oxide  of  silver     ,        1 4*75 

SI 

lor  the  0*05  wanting  was  doubtless  owing  to  an 
error  ia  the  experiment,  it  is  obvious  from  this, 
that  acetate  of  silver  is  anhydrous* 

8.  Oxalate  of  silver.  This  salt  is  easily  ob-  Omi^e, 
tained  by  mixing  together  solutions  of  nitrate  of 
^ver,  and  oxalate  of  ammonia*  It  falb  down 
in  the  state  of  an  exceedingly  fine  and  very 
white  powder,  quite  different  in  appearance  from 
chloride  of  silver.  The  colour  is  very  apt  to  be-  . 
come  dark  when  heat  is  applied,  owing  probably 
to  a  commencement  of  decomposition ;  this  salt 
is  scarcely  soluble  hi  water.  43  grains  of  anhy. 
drous  nitrate  of  silver  were  dissolved  in  water 
and  mixed'  with  a  solution  of  17*7^  grains  of  ox** 
alate  oi  amnionia.  The  precipitate  obtained 
being  well  washed  and  dried,  weighed  37*86 
grains.   Carbcmate  of  soda  bdng  dropped  into 
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tlic  residual  Uquui,  a  Uuie  more  oxalate  of  silver 
fell,  weighiag.  wecy  noviy  half  a  gnm.  Tba^ 
the  whole  oxalate  of  silver  obtained  from  43 
grams  of  nksate  was  iiS-Sb  grains.  Thk  is  so 
neur  d8i5,  the  qnantity  wMcfa  would  have  km 

obtained  on  the  supposition  tliat  the  salt  is  a 
compound  of  an  atom  of  each  constituent,  that 
we  cannot  hesitate  aheut  ad^l^>ting  the  ibUowiiig 

as  exiubituig  it^  U  ue  constitution  :  • 

1  atom  oxalic  ackl  4*5 

1  atom  oxide  ui' silver    .  14*75 

1925 

Oxalate  of  silver  is  obviously  anhydrous - 
Tartrate  9^  Tartrate  of  ^Iver*  When  solutions  of  ok 
trate  of  silver  and  tartrate  of  potash  are  mixed 
together,  a  fine  white  powder  falls.  If  we  raise 
the  temperature  of  the  liquid  a  very  Uttl^  the 
colour  of  the  precipitate  becomes  dark  brown ; 
indeed,  this  change  takes  place  spontaneously, 
if  the  powder  be  idlowed  to  rsmaiu  for  twenty- 
four  hours  in  contact  with  the  liquid  from  whicii 
it  was  thrown  down.  When  this  powder  is  driied 
upon  the  filter  it  is  anhydrcrua  ;  for  18  grains  of 
it,  when  heated  strongly  on  the  sand  bath,  be- 
came black,  gave  out  no  water,  but  lost  0*S 
grain  of  weight,  owing  obviously  to  a  cooh 
men cement  of  decomposition.    •      •     •  • 

4>d  grains  of  nitrate  of  silver  being  dissolved 
in  water,  and  mixed  with  a  sdotioh'^if  M  giate 
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of  tiulrate  ot'  potash^  die  tartrate  of  silver  preci- 
pitated, aiter  being  WBsbcd  and  dritdi  weighod 
4C'9  grains.  Ammonia  being  dropt  into  the  re- 
sidual liqnid,  no  imoiediate  change  was  pio* 
diKwd,  ibtifc  after  an  mtenral  of  twenty-foor  bolm 
the  ioside  of  the  glass  waa  lined  with  a  deep 
ba)wn  depaotfi,  having  «  semimetaUic  iiisti«» 
audi  adiiefing  so  irmly  to  tiie  glass  that  I  gouM 
not  weigli  it  with  accumcy ;  but  it  oastainly 
amoiuited  to  3  grains.  From  this  experiment  I 
consider  the  tartrate  of  silvei*  as  a  neutral  salt, 
composed  of 

1  atom  tartaric  add  S*S5 
1  atom  oxide  of  silver  14*75 

From  the  preceding  detail*  we  see.  that  all  th^ 
sall^  of  nilver  hitherto  examined  are  anhydrous* 

This  is  a  peculiarity  which  belongs  to  uo  x>ther 

g^nw  of  saHs  except  those  of  siivef. 

'    •         ■  ,       .     I     i  •  » 

OVtTBfi  COMroaiTiON  OF  THB  COMFOVVD  SaLtfl* 

The  compounds,  usually  diatiuguished  by  tlie  Nnt  cf 
imm9.M  iripk  saUs,  m  formed  by  tbe  nmon  of  X^"" 
-two.  sipfi|ile  salts  witli  each  other.    These  two 
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sahs  ham  in  moal  cases  the  same  acid  combined 
ill  each  witit  a  diArent  'bttse ;  thoa^  there  aie 

a  few  examples  of  the  union  of  two  salts  difler- 
ing  Aom  each  other  bolli  in  their  aeida  and 
basea.  Thef^  are  perhaps,  examples  lihawteef 
two  salts  uniting,  formed  of  the  same  base  each, 
hot  oontatuig  dtffcrant  addi^  though  I  cki  Ml 
at  |ireserit  recollect  any  sncb.  It  is  dt^kim 
from  this  account  of  their  constitotion,  that  the 
term  trifle  saUs  cannot  -with-  pledsion  apply  ta 
these  bodies.  The  name  donble  saUs^  by  whieli 
Berzelius  distioguisiies  them,  is  more  cofroct; 
though  even  it  may  probably  be  qitimntd) 
ftimd  rather  too  limited  to  include  the  whole  of 
these  saline  bodies^  perhaps,  therefore,  it  may 
be  better  to  apply  to  them  the  term  eampmmi 
sallSy  by  which  1  ha\  e  distinguished  theai  in  the 
title  athxed  to  tliis  section* 

*  The  coflqmind  aalta  lUte  eztreaiely'  nuAMtes^ 

much  more  so,  I  have  reason  to  believe,  thaa 
the  simple  salts.  In  general  tl^  cryvtatiife 
more  readily,  and  mote  regularly  than  the  simple 
salts;  niajiy  of  them  are  exceedingly  beautiful, 
and  such  oi  them  as  act  as  poigativea^  ai«  <  both 
more  elegant  and  more  usdbl  medicines  than 
the  simple  salts  from  u  hich  they  were  ibmied ; 
almost  all  tiie  salts  of  ammonia  and  of  potfib 
have  the  property  of  forming  compounds  with 
other  simple  salts,  and  constituting  fKMnpotimf 
salts.  Soda,  and  the  alkaUDe  eaithB,  dn  m^mt 

IS 
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ter  80  readily  into  these  combinatioiis ;  but  a 
considerable  number  of  compoond  salts  contain* 
iiig  these  bases  are  known,  and  perhaps,  if  suffi- 
dent  pains  were  bestowed  upon  the  investiga^ 
tions,  methods  mic^ht  be  found  ol'  causing  the 
salts  of  these  bases  to  enter  into  a»s  many  com- 
binations witli  other  salts  as  the  salts  of  amnion 
nia  and  potash. 

Most  commonly  the  compound  salts  consi^  of 
an  int^rant  particle  of  each  of  the  simple  salts 
united  together  j  but  to  this  law  there  are  many 
exceptions.  It  is  not  uncommon  for  three  in- 
tegrant particles  of  one  of  the  salts  to  be  united 
with  one  integrant  particle  of  the  otiier  salt. 
The  water  of  crystallization  is  seldom  the  amount 
of  tlie  water  in  the  two  salts  before  combination  ; 
most  commonly  it  is  less,  but  in  some  rare  in- 
atances  considerably  greater. 

I  shall  divide  this  section  into  three  parts.  In 
the  first  part,  I  shall  exhibit  the  composition  of 
the  compound  salts  which  contain  ammonia  i  in 
file  second,  of  those  whicli  contain  potash  ;  and 
in  the  thirdi  I  shall  give  the  constituents  of  a  few 
oompound  salts  which  contain  neither  of  these 
bases. 


I.  OF  COMPOUND  SALTS  CONTAINING  AMMONIA. 

1.  Ammonio-sulphate  of  potash.     This  salt  ^ 
may  be  easily  formed  b}'  dissolving  iMiiih. 
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I  atom  aulphfite  of  potash  =11 
X  atom  sulphate  of  amiuouia       »  8-^5 

or  any  equimultiples  of  these  weights  in  water, 
evap<mting  the  mixed  solutions  to  the  crystal- 
lizing point.  The  salt  is  deposited  in  small 
beautiful  crystals,  which  crystallize  in  foar-sided 
prisms  with  square  bases — taste  bitter — specific 
gravity  ^"64.  13*68  grains  dissolve  in  lOO  wa- 
ter of  temperature  61^   Their  constituents  are 

1  atom  tulpluite  of  potaih  11 
1  atom  tulphate  of  aminoiua  7'1S5 

4  atoms  water  •       .  4*5 

22-625 

Here  the  water  of  crystallization  considerably 
exceeds  that  of  tlie  salts  of  which  it  ia  cotii|io9ed 

Anmonio.  Ammoiiio-sulphatc  of  soda.     The  same 

Kttlpm.tc  of  * 

ftoda.  ptfocm  may  be  followed  successfuUy  in  ibniuiig 
this  salt  The  taste  of  this  salt  is  pungent  ml 
bitter.  It  ciystallizes  in  oblique  prisms  with 
rhombic  bases. 

The  crystals  are  not  altered  by  exposure  to 
the  air.    Its  constituents  are 

1  atom  sulpiiate  of  soda  9 
1  atom  tulphate  of  ammonia  7*185 
6  atoms  water  6*75 

8S-875 

In  this  salt  the  water  of  cr)  Htu|lizaUf^n  da?&  not 
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much  exceed  half  tfce  quantfty  bonrtained  in  the 

salts  bt  tore  combination  ;  for  sulphate  of  soda 
cootaina  ten  atoins^  and.  sulphate  ot'.  aoimouia 
one  atom  of  water. 

'  3.  Aiumonio-sulpiiate  of  magnesia.  This  salt,  Ammomo- 
which  m^y  be  obtained  by  the  same  process  at 
the  preceding,  crystallizes  in  beautifiil  rhom^ 
boidSp  which  are  not  altered  by  exposuie  to  the 
air*  It  has  a  bitter  taste,  a  .  specific  gravity  of 
l-y^l,  and  its  constituents  are 

1  atom  sulphate  of  magnesia         7  ^ 
I  atom  sulphate  of  ammonia  7*125 
7  atoms  water  7*875 


2S-5 

4*  Ammonio-sulphate  of  alumina.    This  salt  Ammonio- 

.     1      .     .1      •  J  sulphate  pf, 

is  preasely  similar  in  its  appearance  and  proper-  aiumiixv 
tiea  to  common  alum.    Its  crystals  are  regular 

octahedrons  ;  its  soliibiHty  in  cokl  water  is  ra- 
ther less  than  that  of  alum.  I  analyzed  this  salt 
with  much  care,  and  found  its  constituents 

3  atoms  sulphate  of  ahimijia  91'75 
1  atom  sulphate  of  ammonia  T  'l^  'i 

25  atoms  . water  2S  I25 


57 


This  approaches  as  near  the  weight  of  an  inte- 
grant particle  of  common  ahim  as  the  constitu- 
ents wiil  adihit.^  The  only  drflference  is  the  ^ub-  ^ 
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stitution  of  an  atom  of  aulplvite  of  aamouia  fiv 

an  atom  of  sulphate  of  potash. 

Ammouio-trisulphate  of  alumioa.  Tim 
salt  may  be  obtained  by  precipitating  a  boiitng 

solution  of  ammoniacal  alum  by  an  alkali.    It  is  * 
an  insoluble  powder»  which  I  iiavc  not  paxticu- 
lariy  examined* 

6.  Ammonio-pcrsulpliate  of  iron.     This  salt 

ptTsuipriatc  *  * 

ofirao.  was  first  prepared  by  Mr.  Cooper,  who  described 
it  as  a  simple  persulphate  of  iron ;  bat  for  our 
first  kuo\vl(jdge  of  its  constituents  aiul  it?  pro- 
perties we  are  indebted  to  Dr.  Forchhammer. 
As  soon  as  I  became  acquamted  with  Dr.  Fordi- 
iiammcr's  experiments,*  I  examined  some  of 
Mr.  Cooper's  crystals,  which  he  bad  been  kind 
enough  to  send  me  several  years  ago^  and  ibund 
them  to  contain  abundance  of  aminuoia,  auti  to 
be  in  fact  the  very  same  triple  salt  as  that  de- 
scribed by  Dr.  Forchhamraer. 

Tins  salt  is  easily  obtained  by  niixiog  toge- 
thersolutions  of  persesquisulphate  of  iron  andsol- 
phate  of  ammonia  in  the  proportion  of  two  inte- 
grant particles  of  the  former  to  one  of  tiie  lat^ 
ter,  concentrating  the  mixture  somewhat,  and 
setting  it  asida  The  double  salt  is  deposited 
in  very  regular  crystals ;  it  is  transparent  and 
cdourlessp  and  is  crystallized  in  octahedroas 
precisely  similar  to  those  of  alum.    It  is  soluble 

*  Aiuwb  of  FUiOMpI^  C«Maad  m»)  V.  400. 
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in  about  three  times  its  wei^lit  of  water  at  60^  j 
it  l^s  a  taste  very  similar  to  that  of  alum,  and 
may  in  ftct  be  considered  as  m  ammoniacal 
alum,  with  persulphate  of  iron  substituted  for 
sulphate  of  alumina.  I  analyzed  it  in  the  same 
way  as  soda  alum,  and  found  its  constituents  to 


It  comes  therefore  as  near  as  possible  to  the 

atomical  weight  of  ammoniacal  alum.  Yet  it  is 
not  analogous  to  that  alum  in  its  composition : 
for  the  alum  consists  of  8  atoms  of  sulphate  of 
alumina  united  to  1  atom  of  sulphate  of  ammo- 
nia^ whereas  this  salt  contains  only  S  atoms  of 
sesquisulphate  o/ iron  miited  to  l  atom  of  'sul- 
piiate  ot  ammonia.  The  quantity  of  sulphuric 
acid  in  an  integrant  partide  of  both  salts  is  the 
same^  namely  4  atoms ;  S  atoms  of  peroxide  of 
iron  are  substituted  ford  atoms  of  alumina. 

7«  Ammonio-sulpliate  of  nicdcei.   This  is  a  Ammonio^ 
beautiful  green  coloured  salt,  crystallized  m  liat 
rhombs.    It  dissolves  readily  in  water,  and  orys- 
tallises  with  facility  ^  its  specific  gnwity  la  1*80!1* 
Its  constituents  are 


be 


2  alMiit  penetquisulphaie  of  iron 
1  atom  talphate  of  annDonia 
25  atoQw  water 


25 
7*125 
2S*125 


60-25 
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1  atom  sulphate  of  nicket  '  9*25 

I  atom  sutpfiate  of  ammonia  7*195 

7  atoms  water  7  87  -^ 


24-25 

In  this  salt  the  water  of  crystallization  is  the 
same  as  in  sulphate  ot  nickel.  The  sulphate  of 
ammonia  is  anhydrous. 

8.  Ammonio-sulphate  ot*  manganese.  This 
salt  likewise  crystallizes  in  rhombst  and  is  very 
easily  obtained  by  miidng  together  solutions  of 
the  two  salts  constituting  it,  m  the  atomic  pro- 
portions, .  and  concentrating  the  mijLture*  Its 
specific  gravity  is  1*93*  Its  constituents  are  as 
follows: 

*'*  1  atom  sulphate  of  manganese    9^5       ■  1  *  * 

1  ,ailim  lolpli^te  «f  annndiija  -  T-IM* 
7  atms  wMper  I'BJS 


24-5 


So  that  t)ie  water  exceeds  by  1  atom  the  waler 
of  crystallization  in  both  the  constituents.' 
^   ^  ^    9.  Ammonio-sulphate  of  zinc.    This  salt  wik* 
line.      obtained  by  mixing  aokitiona  q£  the  (wo  consd- 
tuentsaltB  in  the  atomic  proportions^  «nd  conceD- 
trating  the  solution.    It  crystallizes  in  fine  white 
'  rhomboids,  which  have  the  peculiar  taste  of  the 

zinc  saltSi  and  dissolve  oeodily <  in  wsttr;  -  •  Tbr 
constituents  oi  tliis  salt  slvq  as  fbiiows     •  -  • 
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1  atom  sulphate  of  zinc  10-25 
l.aloiii  tiilphate  of  ammoi^ta  ,  7*1^5 
7  Atoms  water 


25*25 


Here  the  sulphate  of  zinc  retains  its  usual  pro- 
portion oi  water^  and  the  sulphate  of  ammonia 
united  to  it  anhydrous. 

10.  Amaioiiio-siilphate  of  copper.    The  con-  Ammonio. 
sUtuents  of  tliis  salt,  according  to.  the  analysis 
of  it  in  my  laboratory,  are  as  follows : 

1  atom  sulphate  of  copper  10 
I  atom  sulphate  of  ammonia  7*125 
6  atoms  water     .      •      .  6*75 


2S-875 


And  tiiis  analysis  exactly  agrees  witli  the  state- 
ment previously  given  by  Berzeitusi  that  both 
salts  retain  their  water  of  crystallization. 

11.  Ammonio-carbonate  of  uranium.  This 
beautitul  salt  has  been  described  in  volume  II«  of  unmiiiiii. 
page  4.  of  this  work.  Ita  constituents  were  there 

bhowii  to  be  ... 


1  atom  percarbonate  of  uranium  50*75 

3  atoms  carbonate  of  ammonia  1 4*625 

4  atoms  water    .  •      •      ;       •  4^500 


4M75 


So  that  eacii  integrant  particle  of  salt  in  the 
compound  retains  an  atom  of  water. 

D<i4 
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Animotiio.  12,  Ainmouiophosphate  of  soda.  This  salt, 
piio^te  ^j^^  ^  Y0iig  known  under  the  name 

oi  microcosmic  salt,  and  is  so  useful  to  inineraio- 
gists  as  a  flux  in  experiments  made  by  the  blow- 
pipe, is  easily  obtained  by  mixing  solutions  of 
phosphate  of  soda  and  phosphate  of  aniniouia  in 
Ae  atomic  proportions,  and  concentrating  the 
mixture.   The  compound  salt  crystallizes  in  fine 
four-sided  rectangular  prisms,  terminated  by 
rectangles ;  the  solution  yields  tbefte  crystals  to 
the  very  last  drop,  showing  that  the  salt  contains 
just  an  integrant  particle  of  each  constituent  It 
has  a  saline  and  cooling  taste,  and  dissolves  urith 
facility  in  water;  when  heated  it  melts  in  iti 
water  of  crystallization  ;  if  the  heat  be  continued 
the  water  is  dissipated ;  in  a  red  heat  the  ammo* 
liia  likewise  escapes,  leaving bipliosphate  of  soda» 
which  melts  into  a  tomsparent  glas%  dissolves  in 
water,  and  reddens  v^table  bhies.    90  grains 
of  the  crystals  of  this  salt,  when  thus  U'eateii, 
lose  13  grains  of  their  weight   Now»  11  is  the 
atomic  weight  of  anhydrous  biphosphate  of  soda ; 
^i^d  7  •  1 1  •    13  :  ^-43  =  water  and  ammouia 
combined  with  11  of  anhydrous  bisulphale  of 
soda  to  constitute  microcosmic  salt.    The  ani- 
mooia  amounts  to  2*1^,  which,  added  to  11, 
make  13*125;  and  W*43  —  S*l£5  ^  1 8*905. 
Thus  1 1  appcai^,  that  ammouio-phu^phate  of  soda 
is  composed  of 
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1  «UmpliQi|ftliBte«f  nda  7^6 
I  Atom  plifliphatt  of  «iainaiim  5€S5 
16  atoms  water  «  18 

31-125 

13,  AipmoJuo-piiQsphate  of  magnesia.  This  ^[^^|^^ 
salt  occ99ionaUy  crystallizes  in  stale  oriiie.  InofnuigiM* 
such  cases  it  is  transparent  and  colourless,  and 
composed  of  four-sided  rectangular  prisms  witli 
bases  which  I  believe  to  be  squares*  It  is  fbriiied» 
likewise,  wlien  a  soluble  phosphate  and  an  am- 
moniacal  salt  are  added  to  sulphate  of  magnesia. 
It  precipitates  in  the  state  of  a  white  powder ; 
it  is  tasteless  and  insoluble  in  water.  When  this 
j^wder  is  dried  in  the  open  air  I  find  it  com- 
posed of 

« 

1  atom  phosphate  of  magnesia  6 

1  atom  phosphate  of  ammonia      5*095  - 

4  atoais  water  •       •       4«5  •  . 

1G-J25 

The  water  exceeds  4  atoms  by  a  quantity  which 
vsiries  fjroitt  i  tcf  1  atom.  This  excess  is  doubt- 
less hygrometrical  water. 

It  would  appear,  from  a  set  of  experiments  by 

M.  Riffault,  that  another  salt  composed  of  the 
same  acid  and  bases  is  occasionally  ol)tained»  con- 
taining only  half  the  phosphoric  acid  in  the  pre- 
ceding salt.  He  states  the  compositioii  ol'  tiie 
salt  which  ho  analyzed  as  follows : 


4«5 
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1  auno  diphosphate  of  ammoiua  7'75 
5  atoms  water  .  5*6S25 

Thougli  I  have  prepared  this  compound  salt 
many  timea>  and  analyzed  it  repeatedly,  I  have 
never  met  with  any  salt  composed  in  the  same 
manner  as  that  examined  by  liiiiauit* 
AiDinomo.^    14.  Ammonio-arseniate  of  soda.   This  nit 
uxiiu       was  obtained  by  M.  Mitcherlich,  l>y  mixing  so- 
lutions ot:  arseniate  of  ammonia  and  areeoiate 
soda  together.   Byevaporatkm  the  salt  oyrtil* 
lizes.    The  primary  form  of  the  crystals  is  an 
oblique  prism  with  rhombic  bases  ^  the  inclin- 
tkm  of  the  faces  of  the  prism  is  88^  44^  Audi 
Mitcherlich  says,  that  the  ammonio-phospbate  of 
soda  crystallizes  under  the  same  form* 

From  the  experiments  of  Mitcherlich,  itiicm- 
dent  that  tlie  constituents  of  this  salt  are 

1  atom  aneniate  of  soiia  1 1  -750 

1  atom  arseniate  of  ammonia  9-875 
8  atoms  water  9*000 

30-625t 

Ammooio.     15.  Ammonio-uermuriate  of  iroD.  Tiusi^altij 
of  iran.    obtained  by  mispng  permuriate  of  iron  and  sal- 
ammoniac  in  the  atomic  proportions^  and  cos* 

•  Ana  d«  ChuB,  el     IV.  XIX.  «K        f  Ibid.  40a 


Digitized  by  Googl 


CONTAINING  AMHONIA.  42? 

ceDtratiDg  the  mixlore  by  e^porattmi;  *  Beauti- 
ful octahedrons  of  a  ruby  red  colour  separate  by 
ciystallizatioD.  This  salt  is  permanenty.  soluble 
ia  water,       its  constituents  are 

'  >     r  ' 

1  atom  persesquimuriate  of  iron      .  n*9375_  ::  *  |  ( 
1  atom  sal-ammoniac       .      .  '       /^■  7<^.u  -  iv4|i 

•:•  16-6875 : '"f.^' 

It  is  remarkable  that  this  salt  cootafBS  ilo  w»ter, 
though  the  permuriate  of  irott  has  sudi  a  ten^ 

dmcy  to  combine  with  that  liquid  that  it  deli* 
quesoes  when  exposed  to  the  air.   Indeed,  the 

compound  salt  itself  gradually  attracts  moisture 
from  the  alanosphere. 

,  *lQ.  AmmoDiomuriaie  of  copper.   This  salt  ^""'"^nio* 

munate  of 

crystallizes  in  rectangular  prisms  terminated  by  copper., 
four-sided  pyramids*   It  has  a  iine  green  colour, 
aod  is  compowd  of 

2  atoms  muriate  of  copper  19*^5 
1  atom  sal-ammoniac  •  6*75 
9  atoms  water  10*125 


d6*iss 


17*  Ammonio-muriate  of  platinum.  This  fine  Amrocmia. 
yellow  salt  is  anhydrous,  and  consists  of  pkonum. 


1  atom  bichloride  of  platinum  21 
1  atom  sal-ammoniac    .  6*75 

S7-75 

9 
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Ammonio.    18.  Ammoirio-oxalate  of  copper.   This  sA 

cupper,     may  be  obtaioed  by  mixing  together  oxalates 

copper  and  ammonia  in  the  atomic  prc^ponioiis^ 
and  digesting  the  mixture.   By  evaporatioD  the 

salt  is  obtained  in  rhomboidal  plates  ;  it  has  a 
blue  colour,  and  is  insoluble  in  water.  Vogel  of 
Bareuth  first  formed  it  Water  decomposes  it 
Wlicn  suddenly  heated  it  detonates  loudly,  ac- 
cording to  Vogel ;  but  this  did^not  take  place  in 
my  laboratory.    Its  constituents  are 

1  atom  oxalate  of  copper  ^'S 
1  atom  oxalate  of  ammonia  6'62& 
3  atoms  water  S-S75 

19.  Efflorescing  aminonio-oxaJate  of  copper. 
This  salt  was  ibrmed  by  Vogel  of  Bareiitiit  by 
agitating  oxalate  of  copper  ia  eaustie  jonmonia 
till  a  saturated  solution  was  obtained.  Whan 
this  solution  is  placed  in  a  fiat  dish  it  depoales 
dark  blue  crystals,  having  the  form  of  six- iJed 
prisms,  witli  two  broad  and  two  narrow  ^lccs. 
When  exposed  to  the  air  it  loses  18  per  cent  of 
its  weight ;  this  loss  is  partly  water  partly  am- 
monia. Xiie  coiiiiUtuents  of  this  salt  are  aa  fot> 
lows: 

1  atom  oxalic  acid        •  4*5 
1  atom  oxiile  of  copper  5 
1  atom  amiDonia  •       2* J 25 

1  atom  water        .       ,  1*125 

12-75 
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From  the  colour  of  this  salt  one  would  be 
tempted  to  consider  it  as  a  compound  of 

1  atuiti  oxalate  of  ammonia  6-625 
1  atom  hydrate  of  copper  6*125 

But  the  escape  of  the  ammonia,  when  the  salt  is 

exposed  to  tlic  air,  will  not  admit  of  tluit  ex- 
planation. It  is  probably  a  triple  compound  of 
the  acid  with  the  two  bases  at  once. 

20.  Pulverulent  ammonio-oxalaLe  of  copper. 
This  is  a  blue  powder  like  smaUf  formed  by  Vo- 
gel  of  Bareuthy  by  putting  a  greater  quantity  of 
oxalate  of  copper  into  ammonia  than  tliat  liquid 
is  oafMble  of  dissolving.  This  salt  is  anhydrous, 
and  its  constituents,  according  to  VogePs  ana- 
lysiB,  ace  as  follows : 

1  atom  oxalate  of  ammoma  6*625 
1  atoni  dioxalate  of  copper  14*5 

8M85 

11.  OF  COMPOUND  SALTS  CONTAINING  POTASH. 

1.  Potash-Sulphate  of  magnesia.  This  saltiwh-suu 
crystallizes  in  transparent  rhombs.   The  taste  isnMgnoift. 

weak  but  sensibly  bitter ;  its  specific  gravity  is 
it  is  not  altered  by  exposure  to  the  at« 

raosphere.    Its  constitueiUs  are 

16 
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1  atom  sulpliate  of  potaak     i  1 
i  atom  miphtle  nCmiignegia.  7'^^ 
7  atooii  water  •  7'875 

26-375 

It  is,  therdbret  a  compound  of  1  integrant  paf* 
tide  of  sulphate  ot  potash  with  1  integWLt  par- 
ticle of  sulphate  of  magnesia,  retaining  all  clt 

water  of  crystallization. 
FiQtaib  tui-    2.  Potasli^iphate  of  alumina,  or  coanqaa 
abtm.   The  constituents  of  this  well  known  atk 

9  iaoBis«ii]piiBle«C«laiiilm  21*75 

J      $25  atmps  water  98*195  . 

60-875 

poiadi-tri-  8.  Potasli-trisulphate  oi  aluraiua.  This  salt, 
?il£ttiL  iormerly  called  o/i^/i  saturated  with  iU  e^KiJk^ 
may  be  obtained  by  adding  potash  to.  a  boila^ 
solution  of  alum,  and  wasbincc  the  precipitate 
till  the  liquid  used  ceases  to  act  on  mi^tm^  ^ 
barytes.  According  to  Xtiffirndt  this  aafi  is  a 
compound  of 

3  atoms  U  isuiphate  of  alimiina    S5  '^:i 
'  I  atom  sulphate  ot*  potash         1 1  -00 
9at€fii»s  watet*  .      10-185^  •  ' 

«  Ann.  ae  dbbn.  c<     PhyA.  XVI.  sil  " 
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4.  Potash-pcotMultthate  ot  iron*    This  salt  ^  ^ 

WHS  obtaiiiea  by  mixing  solutions  or  protosul- ph«*of 
piiate  of  iron,  and  sulphate  of  potash  in  the  " 
atomic  propoitions»  and  concentrating  the  solu- 
tion— beautiful  crystals  oi"  the  compound  salt 
wcx^  deposited.    They  had  a  very  light  green 
colour,  and  were  much  harder  and  firmer  than 

the  protosulphatc  of  iron, — were  more  opaque, 
and  not  liable  to  undergo  any  alteration  irom 
exposure  to  the  air.  The  ciystals  were  so'  ir- 
regular that  it  was  difficult  to  make  out  the 
shapes  at  iirst  view  they  had  a  lenticular  ap- 
pearance, bot  whoi  closely  examined,  faces 
appeared  which  corresponded  witii  those  of  an 
octahedron*  apparently  low»  and  somewiiat 
broader  on  two  sides  than  on  the  other  two. 
The  taste  of  this  salt  was  similar  to  that  of  pro- 
tosulphate  of  iron ;  but  it  was  less  soluble  in 
water,  and  the  solution,  whidi  was  almost  co- 
lourless, had  a  tendency  especially  when  heated 
to  deposite  flocks  of  peroxide  of  iron.  This  salt 
WHS  analysed  in  the  following  way : 

$«J6*1^  grains  of  the  ciystals  were  exposed  on- 
a  glass  capsule  to  the  heat  of  a  spirit  lamp,  eau* 
tiously  applied  till  they  ceased  to  give  out  mois- 
ture. By  this  treatment  they  became  opaque, 
and  of  a  diiU  white  colour,  and  the  loss  of  weight 
was  5*878  grains.  Tiie  residual  salt  was  dis- 
solved in  water,  and  the  liquid  mixed  with  a 
solution  of        grains  of  chloride  of  barium. 
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Ailer  llic  sulphate  of  barytes  had  subsiclecl,  the 
residual  liquid  was  ndther  affiscted  by  aulpliaU 
of  soda  nor  muriate  of  barytes.  Consequently, 
^C*125  grains  of  the  salt  contain  10  grains  of 
sulphuric  acid.  Hence^  the  constituents  of  the 
salt  are 

1  atom  pratoMilpIiate  of  ivoii  9^5 
1  atom  sulphate  of  potash  1 1 

o  atoms  water     .       .       .         5-62  r> 

Pounh-iicr.  5.  Potash-persesquisulphate  of  iron.  This  salt 
piutfa  flT  may  be  obtained  by  mixing  together  solutions  of 
persulphate  of  iron  and  ^sulphate  of  potash  in 
the  requisite  proportions^  and  crystallizing  under 
the  vacuum  of  the  air  pump  along  with  sulphu- 
ric acid  to  absorb  the  vapour.  The  crystals  ar? 
transparent  and  cdiourlessi  and  have  the  r^ular 

octahedral  form  like  alum.  The  taste  is  astrin- 
gent, souTt  and  sweetish,  similar  to  tlmt  of  aiuoj^ 
but  harsher.  The  salt  dissolves  in  watei^  and 
the  liquid  containing  it  has  a  biuwmsh  ri^d  co- 
lour. I  have  never  succeeded  in  getting  crys* 
tats  after  once  dissolving  this  salt  in  water.  TTi* 
crystals  redden  vegetable  blues,  and  are  not  al- 
tered by  exposure  to  the  air. 

I  found  by  a  process  quite  similar  to  what  has 
been  so  often  stated,  that  64rl^)  <;i  ains  of  these 
crystals  were  just  decomposed  by  53  graim 
(13  *2j  X  4)  of  chloride  of  barium,  and  conse- 
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queutiy,  contain  just  "20  grains  of  sulphuric  acid,  - 
I  pzecqntated  a  solution  of  6^*1^  grains  of  the 
Mthy  animooiay  and  die  peroxide  of  iron  ae- 
parated«  after  being  washed,  dried,  and  ^e^osed 
to  a  red  heat,  weigtied  almost  exacfly  10  grains* 
The  residual  liquid  being  evaporated  to  dryness, 
and  the  salt  remaining  exposed  to  a  red  heat, 
left  11^  grains  of  aolphate  of  potash ;  but  it  was 
not  quite  free  from  iron.  I  conclude  from  this 
analysis,  (which  was  only  once  performed)  that 
the  constituenta  of  the  salt  are 

£  atoois  penesquiffulphile  of  inm  £5 
1  atom  snlpliale  of  potaih  tl 

25  atoms  water        .       .       .  28*125 

6^125 

This  is  the  fourth  compound  salt  which  we  have 
met  with  having  the  t^ular  octahedral  form  of 
alum ;  and  all  of  diem  contain  just  S5  atoms  of 
water. 

6.  Potash-persulphate  of  -  iron.   During  the  Potash.per. 

cirystallization  of  the  last  described  salt,  I  fre- ^lIS?**'* 
quentlygot,  in  the  first  place,  a  deposition  at 
the  bottom  of  the  vessel  consisting  of  a  greenish 
brown  matter,  obviously  crystalline,  though  the 
shape  was  not  sufficiently  i*egular  to  admit  of 
measuremenf.  When  this  crust  was  dried  in  the 
open  air,  it  had  a  fine  greenish  yellow  colour, 
and  w«a  composed  of  grains  seemingly  cubical, 
often  having  the  solid  angles  rounded  ofi^  so  as 
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to  approach  to  a  splierical  form.  The  taste  vm 
astringcoty  sweetish,  and  acid..  The  salt  led* 
dened  vegetable  blues,  and  underwent  no  sella- 
ble alteration  from  exposure  to  the  air.  It  dis- 
solved  in  water,  with  the  exceptioa  of  a  very 
small  flocky  sedimetit  too  insignificant  to  be 
weighed,  and  doubtless  consisting  of  some  acci- 
dental impurity.  The  solution  had  a  yellow  co- 
lour, and  was  never  transparent,  even  though 
passed  through  the  filter. 

1  found  that  QS*^  grains  of  this  salt  werejiat 
decomposed  by  Q6'5  grains  of  chloride  of  barium, 
^  showing  that  it  contained  just.  lO  grains  oi  sul- 
phuric acid.  From  the  same  weight  of  the  salt 
I  got  very  nearly '5  grains  of  peroxide  of  iron, 
and  11  grams  of  sulphate  oi'  potash.  Ueace, 
the  constituents  are 

1  atom  peraulphate  of  iron  ,  10 
1  atom  sulphate  of  potash  11 
8  atoms  water  8«8d 

This  is  the  only  persah  of  iron  which  I  bavees* 
.  amined,  in  which  an  atom  of  the  "peroaddei> 

combined  with  an  atom  of  iron. 
Potasii  sui-    7.  Potash-sulphate  of  nickel.   This  salt  cvjSr 

phntc  of  •  J 

nickel,  talUzes  in  rhomboids  having  a  fine  emerald  co- 
lour.  Its  taste  is  sweet,  with  an  impression  oi 
bitterness,  and  it  is  not  altered  by  exposure  to 
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the  air.    Its  specific  gravity  i3  S*264w    Its  con- 

2>Utueuts«  iiom  the  analysis  ot  Proust,  s^m  to  be 

1  atom  sulphate  of  potash      1 1 
1  atom  sulphate  of  nickel  9*25 
6  atoms  water         •  6*75 


27 

8.  Potasli-siilpliate  of  manganese.    This  salt  1*«<«>A-«*»1' 
crystallizes  in  thin  rhombic  plates,  having  a  tine 
flesh  colour*   It  is  not  altered  by  exposure  to 

the  air.    Its  constituents  are 


1  atom  sulphate  of  potash  11 
I  atom  sulphate  of  nmuganese  9*5 
5  atoms  water  5<^5 


It  is  theretbre  a  coiribiaation  ot  the  two  salts 
with  the  water  of  crystallisation  contained  in  the 
latter. 

.  9-  Potashrsulphatc  of  zinc.  This  salt  crystal- ^jj^^*'"^ 
li2Ees  in  long  flat  rhomboids  with  angles  of 

and  105".  lis  taste  is  similar  to  tluil  of  sulphate 
oilziao  ^  it  is  not  altered  by  exposure  to  the  air. 
Its  constituents  are 

^  1  utoiu  bulphatc  oi'  potash  11 

1  atom  sulphate  of  zinc  10*25 
7  atoms  Water  .      .  7*S7d 


S91S5 
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10.  Potash-sulphate  of  copper.  This  mH  €xj^ 

«oppCT.  tallizes  in  blue  coloured  rlioiuboids,  witli  aiigles 
of  S0\  and  9T  It  suffeis  no  chaoge 
by  exposure  to  the  air:  its  specific  gmtj  h 
'21  K  i,  According  to  the  analysis  of  Vogd  of 
Bareuthy  which  was  confirmed  in  mf  iaboratofji 
its  constituents  are 

1  atom  anlplialeof  iMCatli  tl 
1  ftlDBi  t«l|ihate  of  copper  10 

6  atoms  water      .       .       .  6*75 

FoiMiieir.  Potasli- carbonate  of  magnesia.    When  s 

boiiatf  of  ~ 

nMsnesia.  soiutioii  of  bicarbouate  of  potash  is  poured  into 
a  solution  of  muriate  of  magnesia,  both  in  th 
atomic  proportions,  no  precipitate  appears  it 
first*  but  in  about  twenty-ibur  hours  there  is  a 
dcposite  of  inr^ukr  ciysfals  hi  groups,  vinch 
constiiiite  a  compouiul  salt.  When  put  iiUi)  the 
mouth  it  appears  at  first  tasteless,  but  speediljr 
gives  an  alkaline  impression  $  when  cdd  miff 
is  poiu  c  d  on  it,  the  crystals  gradually  foil  ^ 
powder,  bicarbonate  of  potash  is  dissolved,  aoii 
carbonate  of  Itiagnesia  remains  undissohedi 
When  heat  is  appHed  to  this  salt,  it  gives  out 
water  and  becomes  opaque.  If  the  heat  be  still 
farther  elevated,  carbonic  acid  gas  is  driven 
and  at  a  red  heat  a  scmitusion  takes  place.  Thii 
salty  which  is  apt  to  form  in  chemicai  analyses  of 
magnesian  minerals,  has  been  very  carefiiQf 

16 
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analyzed  by  Ber^elius,  who. obtained  the  tbliow- 
iag  constitueBts : 


Potash  16-233 

Carbonic  add  34*557 
Water  31*2^0 


lOOOOO* 

This  salt  ia  undoubtedly  a  compound  of 

1  atgin  bicarbonate  of  potash  11*5 

2  atoms  curbonate  of  magnoaia  10*5 
9atoiita  water  10-185 


3£*1S5 

For  if  we  calculate  the  constituents  per  cent  of 
sugii  a  compound  salt,  we  obtain 

Potaah  18-677 

Mqpnena  15*564 

Carbonic  acid  S4r%4k 

Wator  31-518 


100-000 

Numbers  which  are  sufficiently  uear  those  of 

Berzeliufl^to  satisfy  us  that  the  constituents  have 
been  rightly  appreciated. 

.  12.  Potash-phosphate  of  soda.    This  salt  was  Potash^ 

phosphate 
oftodt. 

*  Afhandlingar,  VI.  U.  Hiereis  a  tmasUtion  of  the  paper  of  Ber. 
EcUusitttbo  1st  Tul.  of  the  Edinlmrgh  Piiilosophlcal  Journal,  p.  63;  but 
the  translation  is  oftea  crfooeoii^  obviomly  fmn  the  tnuulator't  ignonmoe 
of  tlM}  subject. 

£c3 
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tbrmed  by  M«  Mitcherlich,  by  saturating  the  bi- 
pfaosphate  of  potash  with  carbonate  of  soda,  and 

crystallizing  the  solution.  The  primary  fonn  of 
the  crystal  is  an  oblique  prism  with  a  rhombic 
base.  The  inclination  of  the  iisuses  of  the  prim 
is,  accordine:  to  IMitclK  rlicli's  measurement,  78* 
iO'.  The  constituents  oi  the  salt  from  Mitcber* 
lich's  experiments!  seem  to  be  the  ibUowing : 

1  «toiii  phosphate  of  potaah  9*5 
1  atom  phosphate  of  soda  7*5 
1 5  atoms  water  1  (>'8  75 


The  quantity  of  water  found  by  Mitcheriich. 
somewhat  exceeded  15  atoms ; '  tor  it  was  1 7*527% 
wliich  exceeds  15  atoms  by  about  oiie4hiid  of 
an  atom. 

Potash-Ar.  Potash-aiseniate  of  soda.'  This  salt  was 

formed  by  Mitcherlich  in  the  same  way  as  the 
preceding  j  the  form  of  its  crystals  is  the  same 
also.  Its  constituents^  according  to  Mitcher- 
lich*s  analysis,  are  as  follows : 

1  atom  arseniate  of  potash  18*75 
T  atom  arseniatc  ot"  soda  11*75 
iS  atoms  water  90-95 


45-75 

Pouah^os.     l  i,,  Potash-oxalate  of  copper.    This  salt  vras 

*  Ann.  dc  Chim.  ct  <k  Ffay**  XIX.  396. 
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first  formed  by  Vogel  ot  Barciith,  by  digesting* 
together  binoxaiate  of  potash  and  carbonate  of 
copper.  When  the  solution  is  concentrated,  two 
spv^cies  of  salts  are  obtained. 

The  first  species  crystallizes  in  long  slender 
siK-sided  prisms,  which  effloresce  in  the  ain  They 
are  composed  of 

]  ntoin  oxalate  of  patash  \0\> 
1  atoiu  oxalate  ot*  copper  D**^ 
4  atoms  water  4*5 


24-5 


r  The  second  species  forms  oblique  four-sided 

prisms  with  rhombic  bases.  It  has  a  greener 
colour  than  the  first  species,  and  is  not  altered 
by  exposure  to  the  air.   Its  constituents  are 

1  atom  oxalate  of  potash  10*5 

1  atom  oxalate  ol' copper  <J'5 

2  atoms  water  2«25 


22-25 


15.  Potash-tartrate  of  soda.  This  is  the  well 
known  salt  formed  by  saturating  bitartrate  of aodft. 
potash  with  carbonate  of  soda  and  crystallizing 
the  solution.  It  forms  large  crystals,  which  seem 
to  have  for  a  primary  form,  a  right  prism  with  a 
rectangular  base  ^  it  has  a  bitter  taste,  is  very 
soluble  in  water,  and  effloresces  slightly,  when 
exposed  to  the  air.   Its  constituents  are 

£e4 
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1  atoai  tirtttte  cludath 

^  ^^^^^^^^^^^^  ^^^^^^  ^^^^^^^^^^^^  ^^^^p  ^^M^^^^^^^^^^^™ 

1  atomtirtnta  ofwla 
8  itomt  watsflr 


goo 


Here  thu  water  of  crystal lization  is  twice 
great  as  ia  the  two  salts  imcombioed ;  iur  tim 
two  salts  contain  each  S  atoms  of  waten,* 

IG.  Tartar  emetic.  Tliis  well  known  salt  is 
fi^imed  by  boiling  together  cream  ot  tartar  and 
glass  of  antimony  in  fine  powder.  The  filtered 
solution,  when  sufficiently  concentrated,  depo- 
sites  white  coloured  ciystals  of  tartar  eaaeUc ; 
the  oystals  are  usoally  tetrahedrons ;  it  is  co» 
iQonly  opaque,  and  veiy  irregular  in  its  shape ; 
it  requires  about  I4i  times  its  weight  of  cdd 
water  to  dissolve  it,  but  it  is  much  more  aobiUe 
in  hot  water*  No  accurate  analysis  of  this  use- 
fui  salt  having  been  hitherto  made^  I  took  the 
following  method  of  ascertahuDg  itsconstUximits: 


blotting  paper  in  my  Ubonuxy,  and  found  them  coinpowii  of 


1  atom  tartrate.'  of  pola»li 
1  atom  tartrato  of  socU 
10  atoins  water 


12-2.5 


S7<75 
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50  grains  of  picked  crystals  of  tartar  emetic  were 
dissolved  in  distilled  water»  and  a  cuireat  of 
sulphuretted  hydrogen  ga/s  passed  throvigh  the 
liquid  as  long  as  any  precipitate  fell.  The  hy- 
dro^sulphuret  of  antimony  thus  obtained^  wli^u 
dried  in  the  ppen  air,  weighed  grains; 
but  when  heated  in  a  glass  tube,  water  was 
dnven  off,  and  a  black  matter  remainigd,  which 
weighed  M*d9  grains,  and  which  was  sulphuret 
of  antimony,  equivalent  to  18*032  grains  of  anti- 
mony, or  21*31  grains  of  protoxide  of  antimony* 
The  liquid  thus  freed  from  antimony,  was 

evaporated  cautiously,  and  a  quantity  of  bitar- 
trate  id'  potash  obtained,  which  weighed  ^'ijQ 
gmm.  But  the  integrant  particle  of  Intartntte 

potasfi  weighs  U^-Jd  ;  and  28-6o  :  '21- "75  :  :  21*31 
;  18*384  BB  the  protoxide  oi  antimony  united  to 
BB  inteigiant  particle  of  bitartrate  of  po^iA. 
Now,  the  protoxide  of  antimony  weighs  6-5, 
and  6*^  X  3  «  19*5 )  this  is  a  little  more  than  I 
actually  found,  because  part  of  the  sulphuret 
in  my  experiment  adhered  to  tlic  glass  tube,  and 
could  not  be  collected  without  loss.  From  thj^ 
experiment,  which  I  thrice  repeated,  I  have  no 
doubt  that  tlie  constituents  of  taiUM'  emetic  aie 

S  atottw  ttftane  add  l$*5 

SslovDapnlQaudeofMitiiaiMfgr  19*^ 

1  «loin  poiadi        •      •  6*0  , 

2  atoms  water        ,  2-25 
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This  must  be  acknowledged  a  veiy  curious  cool- 

bination.    It  might  be  called  a  dii  art  rate  of poi- 
ash  and  onHnwmf ;  for  1  atom  of  tartaric  add 
must  be  combined  with  d  atoms  of  protoxide  of 
antimony,  while  the  other  atom  of  acid  is  divid- 
ed between  the  atom  of  potash  and  the  remainii^ 
atoms  of  protoxide  of  antimony. 
Sulpha-       ly.  Sulpho-chromate  of  potash.    This  salt  n-as 
potaih.     obtained  by  mixing  together  solutions  of  cfaro- 
mate  of  potash  and  sulphate  of  potash,  in  the 
proportion  of  3  atoms  of  the  former  to  I  atom  of 
the  latter.   On  concentrating  the  mixture  and 
setting  it  aside,  the  first  crystals  which  were 
deposited  had  a  greenish  yellow  colour,  and 
were  either  in  octahedrons  or  four«sided  rectan- 
gular prisms  terminated  by  four-sided  pyramids. 
These  last  were  obviously  the  regular  octahe- 
dron with  a  prism  interposed  between  its  pjm* 
mids.    The  crystals  were  small,  but  very  regnlar 
and  transparent y  the  taste  was  saUne  and  bitter; 
and  the  salt  was  not  very  soluble  in  water.  When 
this  salt  was  heated  to  redness  it  became  opaque, 
but  did  not  lose  any  weighty— it  was  thereiore 
anhydrous.   After  some  unsuccessful  attempts 
to  analyze  this  salt  by  means  of  tartaric  acid  it 
was  treated  in  the  following  way  : 

78*d  grains  of  it  were  dissolved  in  water,  and 
precipitated  by  a  neutral  solution  of  protonitrate 
of  mercury.    The  precipitate  being  edulcorated. 
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and  dried,  weighed  almost  exactly  3^*5  grainsi 
equivalent  to  6*5  grains  of  chromic  acid. 

The  liquid  thus  freed  tirom  chromic  acid  was 
evaporated  to  dryness*  and  heated  to  redness  in 
a  platinum  vessel  to  get  rid  of  any  excess  of 
mercury  that  might  have  been  added.  It  was 
then  dissolved  in  water,  and  the  sulphuric  acid 
precipitated  by  muriate  of  barytes.  The  preci- 
pitate, alter  being  washed,  dried,  and  heated  to 
redness,  weighed  88*55  grains,  containing  SO 
grains  of  sulphuric  acid.  But  30  grains  of  this 
acid  is  equivalent  to  b  atoms,  requiring  lor  satu- 
ration 6  atoms  or  86  grains  of  potash  ;  while  the 
6'5  grains  of  chromic  acid  require  for  saturation 
6  grains  of  potash.  It  is  obvious,  from  this  ana- 
lysis, that  the  constituents  of  this  compound  salt 
are 

6  atoms  sulpliate  of  potasli  66 
1  atom  cbromate  of  potash  18*5 

78-5 


HI.  OF  COMPOUND  SALTS  CONTAINING  NEITHER 

POTASH  NOR  AMMONIA. 


1.  Carbo-tartrate  of  ahimina-and-soda.    Wiicn  CaAo  tM'- 

trateof 

solutions  oi  tartrate  of  alumina  and  carbonate  of  alumina- 
soda»  each  in  the  atomic  proportions,  are  mixed 

together,  no  precipitate  falls  j  but  when  the  inix- 
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tiu  c  is  left  to  spontaneous  evaporation  a  trans- 
parent colourless  salt  gradually  appears,  crystal- 
lized in  long  pris9i8>  apparently  four-mded  bat 
«  rather  iiuUstinct.  TliQse  crystals  do  not  aBcct 
littpus  or  cudbear  pptp§r  ^  U^y  ;bave  a  di^iagree^ 
aUe  taste  bearing  a  certani  ;ie8^i|iblaiice  to  that 
of  sulphate  of  zinc.  As  the  whole  of  the  liquid 
shoots  into  these  crystal^  ^t.i8,evi(l^t^  that  .the 
compound  salt  oonsisispf  an  integrant  particle  of 
.tartrate  of  aluuiii^fi  j^ud  an  integraqt  ,parUcic  of 
carbonate  of  soda  iinit^i  ttpgi^tiier.  ^pip  the 
weight  of  the  compound  salt,  compare^  with  that 
of  the  two  constitueutSj  it  w^^^^sy  ^o  inti^r  jthat  it 
contained  ^  atoms  water.  .Hjwqe^  tba  iQfHistitii- 
ents  of  the  s^lt  are 

■ 

1  atom  tartrate  of  alamina  10*5 
1  atan  ovtMHUile  of  aodA  &fB 
'    S  stoms  iMter  IP*|£5 

27-375 

MagiKsio.  ^  Magnesio-carbonate  of  lime.,  The  nunenl 
known  by  the  name  of  dolomit^  wheti  amor- 
phous, and  of  rhombspar  or  bitter  spar,  wheu  iu 
crystals,  is  too  well  known  to  require  any  parti- 
cular description.  If  any  confidence  can  be  put 
in  Kiaproth's  analyses,  tliere  are  two  distinct 
species  of  this  mineral: 

(1.)  The  common  doloaute  aiul  inaguesian 
limestone,  are  compos^^d  of 
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1  atom  dHMNUle  of  lime  &95 

I  atom  carbonate  of  xnagQesia  5  -25 

IVS 

9 

I  iioii  the  magnesian  limestone  of  Sundeiland  is 
composed  of  tiiese  propottions. 

Rhombspar,  on  the  other  hand,  as  is  ob- 
vious from  the  analyses  of  Klaprotli,  is  a  com^ 
pound  of 

S  atoms  carboiwte  of  lime      1 2*5 
1  atom  carbonate  of  magnesia 

17-75 

3.  ik)ro>.tartrate  of  potash-and-soda.*    This  Boro.ur. 
is  the  well  known  salt  which  has  a  place  in  8ev-iMiidi.«nd- 

eral  of  the  foreign  pharmacop<rias  under  the**^ 
name  of  cremor  iartari  soluUlis*  It  is  made  by 
dissolving  1  part  of  borax  in  8  parts  of  boiling 
water,  and  adding  to  the  solution  as  much  bi- 
tartrate  of  potasli  as  it  will  dissolve.  The  solu- 
tion is  filt^ed  and  evaporated  to  dryness  in  a  , 
gentle  heat.  The  compound  salt  thus  prepared, 
is  employed  in  dropsy  and  amenorrhasa»  a;nd  pos- 
sesses nearly  the  sanie  virtues  a9  bitartralie  of 
potash.  Its  taste  is  cooling,  bitter,  and  much 
xnojce  disagreeable  than  that  of  cream,  oi!  tartaric 

•  Tliougli  this  siUt  contains  |)nt;\4i,  I  have  thought  it  better  to  plnce  it 
here  tlian  ninong  the  coin[)uuii(.i  s^iUs  oi  potoiAif  for  rca&onfi  tiiat  wilt  be 
eftsil)F  perceived  by  t^ic  aiteiitive  reader. 
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without  any  of  tlie  sourness  which  distinguishes 
that  salt  When  exposed  to  a  moderate  heat  on 
the  sand  buth,  it  gradually  becomes  solid,  with- 
out exhibiting  any  tendency  to  crystaiiizalion  or 
losing  any  of  its  transparency.  Its  colour  be- 
comes slightly  yellow,  and  it  bears  some  resem- 
blance to  nut  oil  prepared  tor  printers'  itik»  and 
the  process  continned  till  the  oil  becomes  solid. 
When  the  compound  salt  is  weighed  ui  tliis  states 
it  is  found  precisely  equal  to  the  weight  ci  the 
two  salts  employed  to  form  it  Consequently, 
eacii  salt  retains  its  water  of  crystallization.  By 
exposure  to  the  air  it  slowly  deliquesces.  The 
constituents  are 

1  atom  biborate  ui  sod«  10 
8  atoms  biUrtrate  of  potash  22*5 
12  atoms  water  ]  .^-5 

46 

Sodasui-  4.  Soda-sulphate  of  lime.  This  is  the  n%me 
Snc!  whicii  designates  the  substance  known  to 
mineralogists  by  the  name  of  Glauberite,  and 
found  originally  embedded  in  rock  salt,  about 
ten  leagues  south  of  Madrid,  at  Vela  Rubia» 
and  more  lately,  m  the  bhie  salt  of  Isdiel  in 
Upper  Austiia.  It  is  crystallized  in  (d[)lique 
rhombic  prisms^  and  is  composed  of 
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1  stom  lulphale  of  lime  8*5 
1  atom  sulphate  of  soda  9 

17' 5 

As  is  evident  from  the  analysis  of  Brogniart 
5*  Soda-sulphate  of  alumina,  or  soda-alumt 

Soda  aluin« 

This  species  of  alum  has  been  hitherto  over- 
looked by  cheroistSy  in  consequence  of  its  great 
solubility,  and  the  cousequent  diiiiculty  of  ob- 
tuning  it  in  regular  crystals.   I  have  been  in. 

formed  by  my  friend,  Charles  Macintosh,  Esq,  of 
Glasgow,  that  he  made  it  more  than  twenty 
years  ago.  For  the  specimen  which  I  examined, 
I  am  indebted  to  Mr.  John  Wilson  of  Hurlet, 
who  iirst  drew  my  attention  to  it,  and  furnished 
me  with  very  pure  specimens.   The  salt  was 
noticed  in  1810,  by  Mr.  Winter,  in  his  account 
of  the  Whitby  alum  processes.*    In  appearance, 
soda'Olum  cannot  be  distinguished  from  common 
alum  ;  the  crystals  are  regular  octahedrons,  or 
forms  obviously  derived  from  the  common  octa- 
hedron :  the  taste  is  die  same  as  that  of  com- 
luon  alum.    It  undergoes  no  alteration  Iroar  ex- 
posure to  the  air,  if  pure,  but  it  is  frequently 
impure,  and  in  that  case  effloresces  on  the  sur- 
face.   The  great  solubility  of  this  alum  is  its 
great  characteristic  property.    It  is  more  than 
thirty  times  more  soluble  in  cold  water  than 
ammoniacal  alum,  and  more  than  twenty  times 

•  NicholHon's  Jour.  XXV.  255. 
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more  soluble  than  potash  alum.   For  I  find  that 

at  tlie  temperatue  of  CCf,  100  parts  of  water 
dissolve 

9*37  parts  of  ammmiiacal  alum 

14*79  parts  of  poLash  alum 
327*6  parts  oi  soda  aiuia. 

This  great  solubility  would  make  soda-alum 
more  convenient  for  the  use  of  d3ier8  and  prin- 
ters than  common  alum,  if  it  could  be  procured 
with  the  same  facility.  When  sodat-alum  is 
heated  on  the  sand  bath,  it  undergo^  vesy 
nearly  the  same  loss  of  weight  as  common  alum. 
For  100  parts  in  my, trials  lost  44a  parts  of 
tier  of  crystallization* 

I  found  by  experiment  that  5^*87^,  gcaius  of 
the  crystals  of  this  alum  are  just  decomposed  by 
53  grains  (13*25  x  1)  of  chloride  of  barium,  niid 
consequently,  contain  exactly  20  graju^s  of  sul- 
phuric add.  From  58*875  i^ins  of  the  same 
crystals,  I  got  almost  exactly  6*75  grains  of  alu- 
mina wd  9*5  girajjQis  of  anhyd^us  sulphstftof 
soda ;  the  excess,  amounting  to  0*5  grain,  was 
owing  to  sulphate  of  Jime  obviously  derived 
from  the  filter.  Frqm  ibis  analysis  it  foUows 
tliat  the  constituents  of  soda-aluiu  aie 

9  atbms  sulphate  of  alumina  21*75 
1  atom  $u1}>1iate  ot  soda  |9 
U&  atoms  water  a8'*lji5' 
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Tbn%  Uim  are  oo  iewer  thaa  ive.  spfid^  of 
csompoHDd  aaltB»  having  eadi  the  form  of  ihe 
r^uiar  octahedron,  and  containing  each  the 
aaine  nuinber  of  atoms  of  water.   These  are 

1.  Ammonmcal  alum,  • 
S.  Potash  aiuM, 

4«  Awoaioyttegqmattlphate  of  imiy 

Were  we  to  confine  our  views  to  the  first  three 

species,  we  would  be  tempted  to  conclude  with 
M.  MitcherUchi  that  sulphate  of  amnionla«  sul- 
phate  of  potash,  and  sulphate  of  soda  are  isotnor- 
phous  salts  I  while  in  the  fourth  and  fifth  spe- 
cies the  alumina  is  replaced  by  peroxide  of  iron, 
Audi '  MItcherlich  has  shown  that  alumina  and 
peroxide  of  iron  are  isonioj  phous  substances. 

In  consequence  of  this  last  circumstance,  it  b 
obvious  that  alum  is  very  Rkely  to  contain  per- 
oJdde  of  itx>n,  unless  very  great  care  indeed  be 
tskenln  preparing  it  The  onl^  cei^n  way  df* 
obtaininp^  it  quite  free  from  iron  would  be  to 
dissolve  clay  tree  iirom  iron  in  sulphuric  acid» 
miWcrptiSMe  the  Miltion  by  laddlog  Ofe 
iqtlisite  quantity  of  sulphate  of  ammonia  and  ral- 
phate  of  potash.  -  I  am  satisfied  diat  at  the  pre- 
sent price  of  sulphuric  add,  such  a  manu&clory 
might  be  estabUshed  with  advantage. 

6.  Caloaieo-acetate  of  coimr*'  This  is  an  ez^  caicweo. 

*  *  acetate  of 

ceedingly  beautiful  salt  of  a  fine  deep  blue  co-  coppw. 

Vol.  11.  F  f 
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lour,  and  crystallized  io  nx*sided'  prisma  wiuch 
Mr*  Ramsay  of*  Glasgow  prepares  £br  tfat  v^flf 
the  calico  printers.  It  is  pretty  soluble  in  water, 
and  has  the  peculiar  disagreeable  teste  wU 
distinguishes  the  cupreous  salts.  It  seens  is 
have  been  crystallized  irom  a  liquid  containing 
an  excess  of  acetate  of  lime :  &t  whan  the  oys- 
tals  are  kept  for  some  time,  th^y  become  spotted 
on  the  surface  with  small  white  crusts,  which  I 
find  to  consist  of  acetate  of  lime.  The  resultof 
a  carefiii  analysis  of  this  salt  in  my  laboratory 
gives  the  cQostitueots  as  follows : 


1  atoaii|oelate«f  Uaie  9^5 

1  atom  acetate  of  co|>|»er  11-25 
6  atoms  water  ,  ^-75 


27-76 


.7.  Sodanoalateafcoiiper.  M.^VogAiiit 
pw-  reuth  prepared  this  salt  by  saturating  bin-oxalate 
of  potasli  with  soda,  aod  pouring  ai  saturated  so- 
Iwtim  qfimlpbale  of  copper  into  the  liquidi  i 
pulverulent  precipitate  fell,  wbick  was  redissd- 
vad.  by  agiUUon  ^  the  liquid  .beii^^iuietttratei 
tbe  polaabi^Kcalate  of  copper^  first  <!ryalslliii4i 
afterwards,  crystals  of  sodaK)xalatte  ,ot  copper 
were  depasited*    Tbagr  wtte  fSeatbcr-'fikspiik 

and  consisted  of  four-sided  prisms  hometiioes 
fattened./  This  salt  is  iusoluhie  in. -water.  M 
fiat  k  has  a  sky  blw^  cokMir,  -b«t>by>639«iiim|i> 
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the  light  it  becomes  first  green,  and  afterwards- 
brawn»  without  any  other  apparont  aUeiratioD*  I 
bare  not  myself  made  any  experimeats  on  this 

siilt  i  but  liom  the  analysis  of  it  by  Mr.  Vogel, 
tkei  e  caa  be  no  doubt  that  it  is  composed  of 

1  atom  oxalate  of  .-^ocla  8'5 
1  atom  oxidate  oi  cupper  9*5 
.  ,      2  atoms  water  £'2^ 

20-25 

8*  Carbcmo-phosphate  of  soda.  There  is  a^'arttono. 
Prussian  blue  maattfrciOKy  in  thefiieigfabottrhoodarMda. 

of  Glasgow  belonging  lo  Mr.   Macintosh,  in 
which,  likewise,  prussiate  ot  potash  is  made  in 
very  considerable  quantities*   The  acid  is  ob^ 
tained  by  the  combustion  of  the  hoofs  of  black 
cattle,  imported  chielly  from  Ireland^  and  the 
hoofs  of  a  thousand  cattle  are  required  for  every 
day's  consumption  in  the  manutactory.  The 
slaughtering  of  cattle  iu  Ireland  having  considera- 
bfy  diminished  at  the  end  of  the  last  w^^  <  booA 
became  scarce.    Tins  induced  Mr.  Macintosh 
to  substitute  tiie  anmial  substance  called  4:rack^ 
mlle^  j^rocured  •ebiefly*  I  believet  from  ^the 
candle  makers.     Soon  after  this  substitution, 
considerable  quantities  of  a  wlute  salt  in  ine 
needles  began  to  make  thetr^  appearaoee^  in  the 
prussiate  of  potash  Icysj  and  incommoded  the 
pr^ess  ooBsidei^y*   These  crystals  exhibiting  , 
appeanmaes  different,  fiwi  any^of  the  oommoo 
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salts,  Mr.  Macintosh  sent  me  a  quantity  of  tiiem 
to  ascertain  their  nature. 

The  ci  ysta]s  were  pretty  r^lir  «-wled 
prisms,  winch  were  obtained  of  a  pretty  large 
size  by  a  second  ciyBtalhzation*  Hie  taste  was 
cooling  and  alkaline,  and  Aey  leodeied  ctid> 
bear  paper  violet,  indicating  the  presence  of  an 
alkalL  The  salt  was  pretty  soluble  in  wstjov 
and  the  crystals  were  not  altered  by  exposure  to 
the  air.  They  effervesced  slightly,  but  distinctly 
in  nitric  acid* 

I  neutralized  a  portioa  of  these  crystals  bfy 
means  nitric  acid,  and  then  mixed  the  solu- 
tion with  a  sufficient  quantity  of  nitrate  of  ba- 
Tytes— ft  white  precipitate  fell,  which,  when 
washed,  and  dried  on  the  filter,  was  a  beautiful 
white  soft  powder^  which  dissolved  without  e& 
fevescence  in  nitric  add,  was  again  piedpitated 
by  ammonia,  and  exhibited  all  the  properties 
of  phosphate  of  barytes«  I  therefore  decom- 
posed a  portion  of  it  by  means  of  sulphuric  acid. 
The  acid  which  I  obtained  possessed  the  ibdow- 
ing  pn^erties : 

It  threw  down  nitrate  of  bar3rtes,  and  nitnrte 
of  lead  white,  and  both  precipitates  were  dis- 
scdved  by  nitinc  add.  Persulphate  of  iron  wm 
thrown  down  white,  and  the  precijHtate  becsne 
red  when  digested  in  potash  ley.  Nitrate  of 
silver  was  thrown  down  yeUow»  and  the  pvedpi- 
tate  was'dissdved  in  nitric  acid.   Mnrialie  of 
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lime,  muriate  of  magnesia,  nitrate  of  strontian, 
sulphate  of  copper,  sulphate  of  zinc,  nitrate  of 
mercury,  were  not  precipitated.  From  these 
properties,  there  could  be  no  doubt  that  the  acid 
in  the  salt  was  chiefly  the  phosphoric. — now 
dissolved  a  quantity  of  the  salt  in  water,  and 
neutraUzed  it  exactly  with  sulphuric  acidj  the 
solution  was  then  concentrated,  and  set  aside. 
It  shot  out  into  crystals  of  sulphate  of  soda,  and 
phosphate  oi  soda,  easily  recognized  by  their 
shape. 

To  ascertain  the  proportions  of  the  consti- 
tuents, I  dissolved  ^00  grains  ot  the  crystals  in 
water,  neutralized  the  solution  with  nitric  acid, 
and  precipitated  by  nitrate  of  lead.  The  preci- 
pitate weighed  141*3  grains,  equivalent  to  28*^ 
grains  of  phosphoric  acid.  The  residual  liquid 
contained  no  lead,  but  was  entirely  nitrate  of 
soda,  weighing  109*5  grains,  equivalent  to  4074 
grains  of  soda.  Now,  !^*d6  grains  of  phospho* 
ric  acid  require  for  saturation  32-297  grains  of 
soda.  There  remain  7*4id  grains  of  soda,  which 
require  for  saturation  5*117  grains  of  carbonic 
acid. 

Hius,  the  constituents  of  the  salt  are 

Phosphoric  acid  28*260  or  14 

Carbonic  add  6*117  -  2*5S3 

Soda  40*740  -  1K)«188 

Water    .  185*883  -  6ft*s6 


200000 
Ff  3 
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Now, 

4  atoms  pbflsphoric  add  s  14 

1  atom  carbonic  acid  «  S*75 

5  atoms  soda  tO 

55  alums  water  •  ss  61*875 

Hence,  I  am  disposed  to  consider  tlie  suit  as  a 
compound  of 

4atomsplio«pliate  of  soda  30 
1  ilom  carbonate  of  soda  &75 
55  atoms  water        •      .  61*875 

98625 

If  this  be  really  a  compound  of  pbospiiate  and 
carbonate  of  soda,  the  union  is  very  sligfat ;  fir 
I  found  that  by  repeated  solutions,  and  crystal- 
lizations, I  could  separate  from  it  phosphaie  ol 
soda  in  the  usual  rhomboidal  form.  What  kids 
to  the  notion  that  it  is  a  compound  salt,  h  the 
form  of  the  crystals — a  six-sided  prism  appareotp 
ly  regular,  which  could  not  be  derived  Aom  tbe 
primary  form  of  phosphate  of  soda.  Nor  is  the 
water  of  crystallization  what  it  would  be  if  the 
salt  were  a  mere  mixture  of  4  atoms  of  phoqriiate 
of  soda,  and  1  atom  of  carbonate  of  soda ;  Ar 
phosphate  of  soda  containing  12  atoms,  and  car- 
bonate'of  soda  10  atoms,  the  water  of  crystal- 
lization should  have  amounted  to  58  atoms,  in- 
stead of  55 — the  quantity  found,  unless  tliere 
was  an  error  in  the  analysis.   I  do  not  well  nee. 
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however,  how  any  supposed  error  could  serve  to 
diminish  the  apparent  quantity  of  water  in  the 
salt ;  but  it  is  possible  that  the  salt  may  have 
sustained  a  loss  of  water  before  1  began  to  ex- 
amine it. 
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CHAP.  XIX- 

SOME  GENERAL  OBSERVATIONS  ON  THE  ATO- 
MIC WBIOHTS  OF  CHEMICAL  BODIES. 

1.  Hydhogen  is  the  lightest  of  all  known 
bodies.    Its  aUmdc  weight  is  0*1^. 

2.  The  atomic  weights  of  all  the  other  simple 
bodies  are  multiples  of  0"2d  =  2  atoms  of  hydro- 
gen. Consequently,  the  number  denotiag  the  ato- 
mic weight  of  each  is  either  a  whole  number,  or 
a  mixed  number,  ending  with  one  or  other  of 
these  decimals 0^,  O^d,  O'?^. 

3.  The  atomic  weights  of  the  supporters  are 
as  follows : 


They  are  all  multiples  of  0*5,  or  of  4  atoms  of 

hydrogen. 

4.  The  atomic  weights  of  the  acidifiable  com-  AddiiiabUi 
bustibles  are  as  follows  (omitting  hydrogen) :  mm. 


Oxygen 

Chlorine 

Iodine 


4f.  Phosphorus 
5.  Azote 


1.  Carbon 

2.  Boron 

3.  Silicon 


0*75 
1 


1-5 
1-75 


6.  Sulphur 

7.  Tellurium 

8.  Arsenic 

9.  Selenium 


2 

4 


475 
5 


9 
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They  are  all  whole  numbersy  or  teniuittle  in  Qr5 

or  0*7^ — they  never  terminate  in  0*^. 

5  are  multiples  of  8  fttoms  of  hydrogen* 
1  is  «  multiple  of  4   —  — 
3  m  multiples  of  S  — •  — 

5,  The  atomie  weights  of  the 

combustibles  are  as  ibllows  : 


1.  Chromium 
S.  Titanittm 

3.  Antimony 

4.  Molybdenom 


3-5 
4 

S'5 
6 


5.  Tungsten 

6.  Columbium 
7*  Uranium 


16 


These,  like  the  former  set,  are  either  wbofe 
numbers^  or  they  end  in  0*5  or  0*75,  and  aever 

4  ait  ttisltiplet  of  a  atoms  hydrogen* 
a  are  multiples  of  4  — « 

1  is  a  multiple  of  2  «~ 

Aikaiifiabic    6.  The  atomic  weii^hts  ol  tiie  alkaiiAable  com- 


Uei.      busdbles  are  -as  follows : 


1.  Lithium 

1*25 

10*  Manganese 

4-5 

a.  Aluminum 

145 

11.  Iridium  ' 

375 

3.  Magnesium 

1*5 

la.  Copper 

4 

4.  Glucinum 

2-25 

IS.  Yttrium 

5.  Calcium 

2-5 

14.  Zinc 

6.  Sodium  , 

S 

15.  Potassium 

5 

7.  Nickel 

325 

16.  Zirconium 

5 

8.  Cobalt 

3-25 

17*  Strontium 

9.  Iron 

3-5 

13.  Rhudiam 

»5 
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19.  Cerium 

6*25 

25.  Plattnum 

12 

20.  Cadmium 

7 

26.  Lead 

IS 

2].  Palkdiam 

7 

27.  Silver 

IS  7^ 

22.  Tin 

7'«5 

28.  Mercury 

85 

£S.  Barium 

8-75 

99.  Gold 

S4.  Biannith 

9 

They  are  either  whole  numbers^  or  they  termi 

nate  in  0-25  or  0*5  ;  and  very  rarely  in  0'^5. 


1 1  are  multiples  of  8  atOODS  of  hydrogm# 
6  are  multiples  of  ^  — 

12  are  nmltiples  of  2    —  — 

Only  3  of  them  end  in  075  j  namely,  iridium, 
bailum,  and  silver. 

7-  The  simple  combustibles  (excluding  hydro- 
gen) amount  to       Of  these 

20  (or  almost  Ihe  half)  av»  miilti|iltt  of  oxygen,  and  oomo- 

qently  wliolc  numbers. 
9  are  multiples  uf  4  atoms  of  hydrogen,  and  consequently 

terminate  in  0*5. 
9  tcnniiiate  in  0*25,  being  multiples  of  2  atoms  of  hydrogen. 
6  tenninata  in  0-75*  being  likewiae  nrattipjea  of  2  atona  liy« 

drogen. 

8.  When  an  acidifiable  combustible  terminates 

ia  075>  the  acid,  which  it  forms,  does  not  act 
with  much  energy;  but  when  an  alkalifiable 
combustible  terminates  in  0*7^  die  base  formed 
is  usually  energetic.  How  i'ar  this  applies  to 
iridium  is  uncertain ;  but  it  applies  well  both  to 
barytes  and  oaode  of  silver. 

16 
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Acidt.  g.  The  acids  are  all  compound  bodies.  Hiev 
may,  with  reference  to  their  atomic  weights,  be 
divided  into  three  classes:  1.  Combiiiatioiis  of 
a  simple  addifiable  or  intermediate  combustible 
with  oxygen.  2.  Acids,  consisting  of  oxygen 
united  to  two  bases  at  once,  or  undecomposed 
adds*  S*  HydraddSy  consisting  of  a  simple  or 
compound  supporter  united  to  an  atom  of  hydro- 
*  gen*  The  fbllowii^  table  exhibits  the  atomic 
weights  of  a]l  these  adds : 

1.  omsii  mmm  to  a  niMLi  rasb. 


1.  Silicic 

14w  Chromic 

6-5 

2.  Phosphorous  . 

2-5 

15.  Arsenious 

6-75 

S.  Carbonic 

2-75 

16.  Nitric 

6*75 

4'.  Boracic 

S 

17-  Selenic 

7 

HyposulphuroUi 

3 

18.  Antimonic  • 

7-5 

6.  Phospiioric 

S'5 

19.  Mangaoesic  . 

7-5 

7.  Sulphurous  . 

4 

20.  Arsenic 

8.  Oxalic 

91.  Mcdjrbdous 

8 

9.  HyponitFoai  acid 

4*75 

SR.  Hyposdlpiuim 

9 

19*  Stt^inac 

S 

£S.  Mfli^bdic 

9 

11.  Ondeof  tdlvrium  5 

1S-7S 

18.  Nitrous  acid  . 

5-75 

S5.  Columbic 

19 

IS.  Titanic 

6 

RtiL  Unnitic 

SS 

2.  OJl^VO£N  UNITED 

TO  A  DO U DLL  BASK  AKD  OVOECoM- 

POSED  ACID. 

■ 

1.  Fluoric 

1-25 

6.  Citric 

7-25 

2.  Fluosilicic 

3-25 

7.  Tartaik 

S-2i 

3«  Fluoboric 

i-25 

8.  Uric 

9 

4.  Acetic 

6-25 

9.  SacUctic 

15 

5.  Sttcdntc 

10.  Bensoic  . 

15 
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S.  HTDBACipS. 

9.  Fmuc         .      4*625  I  5*  Hydriodic    .  15-6d5 

Of  the  tirst  set  1 2  are  whole  numbers  ;  G  end 
io  0*6  and  4  in  07^.   Or,  in  other  words, 

12  are  multiples  of  oxygen^ 
6  are  multiples  of  4  atoms  of  hydrogen^ 
4  are  multiples  of  2  atoms  of  hydrogen. 

Of  the  second  set  3  are  whole  nuiiibers,  and 
the  other  7  ead  in  0*^*   Or,  in  other  words, 

3  are  multiples  of  1  atom  of  oxygen^ 
7  are  multiples  of  2  atoms  of  hydrogen. 

The  third  set  containing  an  atom  of  liyJrogcn 
united  to  an  atom  of  a  simple  or  compound  sup<- 
porter  or  acid,  it  is  obvious  that  fliey  can  only 
be  multiples  of  1  atom  oi  iiydrogen,  Accord- 
iogl/f  they  end  either  in  0*6i5  or  in  0*8fJ6* 

10.  The  atomic  wdghts  of  the  bases  (exclud- 
ing ammonia)  are  as  tbllows  : 


1.  Lithia  .  2-95 

2.  Alumina  .  2*25 

3.  Magnesia  . 

4.  Glndim  345 
5»  Lime  3*5 

6.  Soda  4 

7.  Protoxide  of  nickel  4:25 
3.  Protoxide  of  cobalt  4-25 
9*  Protoxide  of  iron  4'5 


10.  Protoxide  of  man- 

ganese  4*5 

1 1.  FMoxide  <(f  chro-  ^ 

mium  4*5 

12.  Peroxide  of  iron  5 

13.  Peutoxide  of  man- 

ganese     .*  5 

14.  Oxide  of  copper  5 

15.  Yttria  .  5-25 
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I  f).  Oxide  ol'  zinc 

5-25 

27.  Bar3rtes 

!^75 

17-  PoUah 

6 

28.  Oxide  of  bifimuth 

10 

IS.  Ziroonia 

6 

2Q,  Peroxide  of  piati. 

19*  Strontim 

&5 

nam 

14 

80.  Protoxide  of  anti- 

80*  Protoxide  of  lead 

14 

BV  Qaudeefifliw 

14^5 

21.  Protosideef  certttBi  7-85 

32.  PMoxideof 

26 

82.  DeotoudeofrhiKli* 

S3.  Pefxnddeof  9 

«7 

um 

7-5 

S4.  FMozide  of  ma- 

2S.  Peroxide  of  cerium 

7-75 

mum 

«7 

24.  Oxide  of  palladium 

8 

35.  Penn^of  maul* 

25.  Protoxide  of  tin 

um 

26.  i'eroidde  of  tin 

9*25 

14b  ot  these  are  whole  numbers ;  8  end  in  05, 
10  in  0*25,  and  3  in  075.   Qr»  in.  other  words» 

14  are  multiples  of  an  atom  of  oxygen, 
8  are  multiples  of  4  atoms  of  hydrogen, 
13  are  nuiltiples  of  2  atoms  of  hydrogen. 

Ammonia  being  a  compounii  of  hydrogen,  and 
containing  S  atoiDB  of  it»  is  obviously '  only  a 
multiple  of  1  atom  of  hydrogen* 

11>  Thus  it  appears,  tliat  out  of  II7  bodis8» 
the  atomic  weights  of  whioh  have  been  aeen* 
rately  determined  in  this  werk^  there  are  only  s 
wiiich  are  merely  multiples  of  1  atom  of  hydro- 
gen»---4he8e  are  the  four  hydraeids  and  ammoiUB. 
The  four  adds  eontain  each  1  atom  of  hydrogen, 
and  ammonia  contains  3  atoms  of  hydrogen.  37 
are  multiples  of  ^  atoms  of  hydrogen,  11  of 
which  are  acids  and  II  bases*  The  rest  sinjile 
bodies. 
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^  «ce  multipleS'Of  4  atomB  of fajdrcgen.  Of 
these  6  are  addsy  8  bases ;  %  supporters^  8  acidi** 

fiable  combustibles,  and  6  alkalitiable. 

50  are  mulliiiles  of  an  atom  of  oxygen,  and 
consequently  whole  numbers.  Of  these  15  are 
acids,  14^  bases,  1  supporter,  9  acidifiable  com*^ 
bustihles,  and  11  alkalifiable  combustibles. 

ISL  It  is  obvious  that  all  those  bodies  whose 
atotiiic  weifjhts  ave  represented  by  whole  num- 
bers are  mukiples  of  the  atomic  weight,  of  oxy- 
gen. 

18  simple  bodies  are  in  this  predicament, 
iiaiqeiy, 

Boron,  Columbium,  Cadmium, 

Silicon,  Uranium,  Palladium, 

Sulphmr,        Sodium,  Bitmuth, 
TeOafiiim,      Copper, '  PUtiiiiim, 
S^^nhifa,  .    Potaatiiim,  Lea^, 
Molybdenam,  Zirconiun^  Titanium. 

Most  of  the  compounds  of  tliese  bodies  (to  the 
amount  pf  £8)  are  also  whole  numbers,  and  of 
course  multiples  of  oxygen.  This  is  the  case 
also  with  three  combustible  acids  j  namely,  uric, 
saclactic,  and  benzoic 

18.  There  are  five  or  six  of  the  simple  bodies  whether 
whicb  we  have  found<  to  combine  both  with  1  ux^^en 
atom  and  with  li.  atom  of  oxygen.    This  ano-  SJ^T 
maly^  I  have  no  doubt,  will  startle  many  of.  my 
readers,  and  may  even  induce  several  persons  to 
reject  the  whole  system  without  farther  exami- 
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natioii.    I  have  sometimes  thought  that  the  ano- 
maly  mighl  be  obwted  by  adimtting»  Ibait  oq^ 
Atomor  gen  in  reaUAy  has  an  atomic  wei^  iiiniinmhig 

oxygen  may  .  i.  •  n 

be =0  5.  to  0*^  iQdtead  of  i  y — on  that  suppoaitiaiv  u  wui 
baire  the  propeily  of  uaaaily  £BtHUig  into  M» 
binations  by  2  atoms  at  a  time.  All  those  con- 
pouads  which  I  have  considered  aa  captaining 
mly  1  atom  of  oxygen,  will  iareaUliroaotMi  2; 
and  those  which  I  suppose  to  contain  1  i  atom 
will  contain  3  atoms.  .  This  snypoflitioiij  if  ad^- 
nutted,  will  make  no  altewdon  in  liie  ilnMic 
weights  given  in  this  work  ;  it  will  only  ^ter 
our  way  of.  viewing  themt  and  1»  inatead  of  d^ 
noting  the  weight  of  1  atom  oxygen  will  repie* 
sent  ^  atoms.  It  will  be  more  couveoicoi  u> 
retain  these  atomic  weight?  even  if  tbi3  new.  view 
of  the  Buligect  should  be  nltimately  adopted^ 
because,  it  is  but  very  seldom  that  a  less  quanti- 
ty of  oxygen  enters  into  combination  with  other 

bodies  than  what  we  have  denoted  by  1.  One, 
then,  may  still  be  considered  aa  the  rppititfntii 
tive  of  a  compound  atom  of  oxygeifr,  becauB  it 
is  the  common  multiple  of  it  which  enters  into 
combinations^  though  in  ^  (ew  inro.inataooeep^ 
find  that  0*5,  or  a  simple  atom  of  iV  also  witei 
with  other  bodies*  6\ich  combinations  consti- 
tute the  peroxides  of  iron,  niekeit  eofaalt,  eo» 
um,  and  sodium,  and  likewise  the  deuto^dde  of 
.     ni^ganese.  '  ; 

If  we  embrace  this  view  of  the  sulgect^  which 
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in  the  present  state  of  our  knowledge  is  by  far 

the  most  probable,  then,  not  only  those  simple 
bodies  whose  atomic  weights  are  whole  numbers, 
bat  those  likewise,  whose  weights  end  in  0*5, 
are  multiples  of  oxygen.  These  constitute  the 
whole  oi  tiie  supporters  of  combustion,  and  all 
the  addifiable  and  intermediate  combustiUeB, 
except  three;  namely,  carbon,  arsenic,  and 
tungsten.  Of  tiie  alkahfiable  combustibles, 
amounting  to  99f  17  would  be  multiples 
oxygen,  leaving  altogether,  1  j  sinijiU  hodies, 
which  are  multiples  of  2  atoms  ot  hydrogen. 
Thus  31  simple  bodies  would  be  multiples  of 
oxygen,  and  15  multiples  of  2  atoms  of  hydro- 
gen. 

14.  There  are  only  5  simple  bodies  which  are 

multiples  of  atoms  of  water,  or  il''25.  These 
are 


Chlorine 

4-5  or 

4  water. 

Tuugsten 

i:r75  - 

14  - 

Columbiiim 

18 

16  - 

Gluciuum 

2-25  - 

2  - 

Bismulh 

9 

8  • 

But  there  are  IS  compound  bodies  in  the  same 

predicament :  viz. 


Vol.  If. 


Oxalic  acid 

4-5 

Araeiiious  acid 

6-75 

Hyposulphuric 

9 

Molybdic 

9 

Uric  acid  • 

9 

or  4  water. 

-  6  . 

-  S  - 

m  3  * 

-  a  - 
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LiUita  .      .  Z  fl5  or    2  water. 

Alitmina  .  2*25  -i  2  • 

Protoxide  of  inm  4*5  •     4  - 

Pkotoxide  of  oianganefle  4-5  •     4  - 

Peroxide  of  mereaiy  27  -  S4  • 

Protoxide  of  uranium  27  -  !H 

These  compariBons  m^^bt  be  carried  a  gooi 
deal  farther.    A  bare  inspection  of  the  tabiei  al 

the  beginning  oi  this  chapter  will  enable  tiic 
reader  to  perceive  tbe  relations  which  exist  be^ 
tween  the  atomic  weights  of  different  bodies* 

Thus 

The  atomic  weight  of  carbon  is  0*75 
That  of  phosphorus  is       0*7 r>  X  5  =  1-5 
sodium  1*5   X  2  =  3 

moljbdsqiilii  S  Xg^  6 
platiDttm  6    X9»  13 


Oi,  in  other  words,  the  atom  ot 

Photphoortit  M       2  ctibon. 

Sodium  =  4  - 

Mblybdensni  ce  S  « 

Platinum  « 10  • 


In  like  manner*  the  atom  at' 


Glttcbum  is  s    3  csrfooit. 

Oxalic  acid. 

Protoxide  of  iron 

Protoxide  of  manganese 

Bismuth  12 
10 


} 
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These,  and  many  other  similar  relations  between 

the  atomic  weiglus  of  the  different  bodies, will  be 
obvious  by  barely  inspecting  the  tables^  and 
need  not  therefore  be  pointed  out. 

15.  Though  the  seventeenth  and  eighteentli  wutcr  of 
chapters  of  this  work  exhibit  the  composition  of^I^^^I^ 
307  salts,  a  greater  fiumber  than  has  ever  before  "^^ 
been  ^ulyected  to  actual  analysis  by  any  indi- 
vidual; yet  they  do  not  enable  us  to  detect  any 
law  widi  respect  to  die  number  of  atoms  of 
water  which  exist  in  the  salts  in  the  state  of 
water  ot  crystallization.  Of  these  307  species 
of  salts,  eighty  are  anhydrous-»thirty-one  cohtain 
1  atom  oi'  water — fifty  contaiii  '2  atoms — ^twenty- 
seven  S  atoms-*eighteen  4  atoms— twelve  5 
atoms— nineteen  6  atoms^^ighteen  7- Atoms- 
ten  8  atoms — four  9  atoms;  all  of  which  are 
compound  saits^-six  contain  10  atoms — none 
contain  11  atoms— and  two  contain  IS  atoms* 
•  No  simple  salt  has  been  met  with  contiiining 
more  than  12  atoms,  except  the  sesquinitrate 
of  uranium,  which  seems  to  contain  17  atoms. 
But  the  compound  salts  aie  found  with  a  much 
greater  quantity  of  water.  Thus,  one  contains 
16  atoms  of  water— five  b&ntain  M  'atom»*-«ind 
one  contains  55  atoms.  Next  to  the  anhydrous 
salts,  by  far  the  most  abundant  are  the  salts 
which  contain  d  *  atoms  of  water.  The  salts 
containing  1,  2,  and    atoms,  added  together,  ^ 
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constiuite  abcMUt  the  half  of  the  whob*  if  we 
exclude  the  anhydrous  salts. 

If  we  except  acetate  of  ammonia  and  quadp 
rozalate  of  potash,  none  of  the  salts  of  anminmsi, 

potash,  soda,  bai  vtes,  strontian,  or  lime,  contain 
7  atoms  of  water.  Andt  except  phosphate  of 
magnesia^  all  the  salts  which  contain  7  atoms 
water  are  either  sulphates  or  nitrates.  The 
metalline  sulphates  seem  to  a£bct7  atome  water. 

No  salt  of  barytesy  strontian,  iron,  oaangmness^ 
bismuth,  or  mercury,  contains  G  atoms  ol  water; 
and  only  14  simple  salts  occur  contaioing  that 
quantity  of  water.  The  other  five  are  oom- 
pound  salts.  ^ 

Salts  cmitaining  5^  8,  10,  and  1 2  attmis  are 
very  rare.  No  salt  has  been  met  with  containing 
11  atoms. 

The  oxalates  are  either  anhydrous,  or  tliey 
contain  1 ,  2,  or  3  atoms  of  water.  Only  Q  salts 
contain  more;  namely,  the  oxalate  of  uickel, 
which  contuns  4,  and  the  quadroxalate  of  pot- 
ash, which  contains  7  atoms. 

The  tartrates  are  either  anhydrous,  or  they 
contain  1,  ^  or  3  atoms  of  water.  One  sak 
contains  4  atoms,  the  tartrate  of  lime,  and  one 
contains  6.  atom^  the.  tartrate  of  bismuth. 

The  acetates  vary  much  more  in  their  compo* 
sition.    They  occur  with  1,  S,  3,  4,  ti»  and  7 
^    atoms  water;  but  very  rarely  anhydrous. 
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16.  Before  concluding  these  general  observa- fa^uiry 
tions,  1  may  say  a  lew  words  respecting  Berze-  cuncy  of 
IiU8*  law»  that  *«hi  all  lalts  the  atoms  of  oxygen 
in  the  acid  constitute  a  multiple  by  a  whole  ^'^^ 
number  of  the  atoms  of  oxygen  in  the  base/' 
This  lav  was  foonded  upon  the  first  set  of  exBCt 
analyses  of  neutral  salts  wliicli  I^erzclius  made. 
Now,  as  neutral  salts  in  general  are  combinations 
of  an  atom  of  a  protoxide  with  an  atom  cf  an 
acid,  it  is  obvious  that  the  atoms  of  oxygen  in  the 
acid  must  in  all  such  salts  be  multiples  of  the 
atom  of  oxygen  in  the  base ;  because  every 
whole  number  is  a  multiple  of  unity.  Neutial 
aalta^  therefore^  are  not  the  kind  of  salts  by  means 
of  which  the  precision  of  this  supposed  law  can 
be  put  to  the  test 

Even  in  the  subsalts,  composed  of  1  atom,  of 
acid  united  to  2  atoms  of  base,  it  is  obvious 
enough,  that  the  law  will  hold  whenever  the 
acid  combined  with  the  base  happens  to  contain 
Q  or  1,  or  any  even  number  of  atoms ;  because 
all  even  numbers  are  multiples  of  2.  Now,  tliis 
is  the  case  with  the  following  acids : 


Phosphoric,  Nitrous,  Antimoiuc,  Citric, 

Carbooic,  TiMnic,  Manganenc,  Saclactic, 

Boracic,  Ar^tmam,  Mdybdoiis/  Cbronunw. 

Sulphorous,  Selfliiic^  Ufsnitic, 

Consc(|ucntIy,  the  law  must  hold  good  in  all 
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combinations  of  1  atom  of  these  ncidft  with  9, 
atoms  of  base* 

In  the  case  of  all  those  acids  which  oontatn 
only  1  atom  of  oxygen,  all  the  subsalts  com- 
posed of  1  atom  of  the  acid  united  to  2  atoms  ol 
base,  the  law  will  also  in  some  sort  hold ;  ftr 
the  atoms  of  the  oxygen  in  such  acids  being  1, 
this  number  will  always  be  a  submultiple  of  % 
the  number  of  atoms  of  mygen  in  9  atoms  of 
base.    This  is  the  case  with  the  following  acids; 

Silicu^  HyponilphiiiDas, 
Phosphorous,     Oxide  of  tdlitritini. 

It  is  only  in  the  subsalts  of  acids  containing  an 
odd  number  of  atoms  of  oxygen,  that  excmpHkm 

to  the  law  can  exist .  It  is  to  tiiem^  thei  efore^ 
that  we  must  have  recourse  when  we  wish  to 
determine  whether  this  empyrical  law  of  Bcrze- 
lius  be  founded  in  nature  or  not.  Now,  there 
are  thirteen  acids,  the  integrant  particles  of 
which  contain  an  odd  number  of  atoms  of  oxy- 
gen* The  following  table  exhibits  the  names  ol 
these  acids,  together  with  the  number  of  atoms 
of  oxygen  in  eaclu 


Sulphuric  acid 

Arsenic      ^ . 

Chromic 

Molybdic 

Xu^gitic 

Oxalic 

Fotniic 


ATOMS  or  QXVOBN. 

s 

8 
S 

s 

3 
3 
3 


Acetic  acid 

S 

Succinic 

s 

Benzoic 

s 

Nitric 

5 

Tartaric 

s 

HyposuJphuric 

1  • 

I 
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Now,  although  the  number  of  subsalta  which 

I  have  examined  is  exceedingly  small,  because 
my  object  was  not  to  iuv^tigate  the  truth  of 
BerzeUus*  law»  but  to  detennine  the  quantity  of 

water  ol  ci  ystallization  which  the  salts  contain, 
yet  tlicie  occur  several  which  are  iuconsisteut 
with  Berseltus'  law*  This  is  the  case,  for  ex* 
ample,  with  the  disulphate  of  alumina,  the  atoms 
of  oxygen  in  the  base  being  %  and  those  in  the 
add  3.  The  following  subsalts  are  precisely  in 
the  niime  predicament : 


Atom  or  oKvam  01 UB. 
Dinimte  ofalumiiui  2 

omoiN 
5 

THmitMle  of  almnliia 

3 

5 

£H|mtaFRiinit6  of  ivon 

a 

•  5 

Dinitratc  of  Imd 

2 

6 

Diacetatc  of  lead 

2 

3 

Diacetatc  of  copper  (verdigris) 

2 

S 

Dinitrate  of  bismuth 

2 

5 

These  examples  comprehend  not  only  nitric  ^cid, 
which  Berzellus  has.recognised  as  an  exception 
to  his  law ;  but  likewise,  sulphiuic  acid,  arsenic 
acid,  and  acetic  add. 

It  would  certainly  be  a  most  remarkable  dr< 
cumstance  it' 2  atoms  of  any  protoxide  were  in- 
capable of  combining  with  1  atom  of  any  of.  the 
13  adds  in  the  preceding  list  I  have  given 
seven  examples  of  such  combinations ;  and  am  ^ 
persuaded  that  many  more  will  be  discovered 

Gg4 
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whenever  the  attention  of  chemists  is  particular- 
ly turned  to  tbe  Jtibsalts. 

Theie  k.  wMbu  )md  of  nliae  i^nwilMrfiaB 
in  which  exceptions  to  the  law  of  Befzelius  may 
also  be  looked  ibr;  I  m^n  those  salts  whiek  i 
l»e  diHtaguidied  bf  the  epithet  irtjeewnfrff  er 
suhsesquisalls.  In  the  scsquisalts,  ii  atom  of 
acid  unite  with  I  atom  oi  bese^  or,  which  comes 
to  the  same  thing,  H  atoms  of  acid  unise  ^nA 

atoms  of  base.  In  the  subsesquisalts,  IJ  atom 
of  the  base  unite  with  1  atom  of  the  acid^  Iok 
example,  the  se$qmcQbimbaie  of  barytea  is  oob* 
posed  of 

3  atoms  columbic  acid,  a>ntaiiiing    3  atoms  oxygen. 
2  SLioms  bar^tes  ■  2   — 

Ueie  wc  see,  that  the  oxygen  oi  the  acid  is  not 
a  multiple  of  that  in  the  base.  ' 

When  the  acid  contains  S  atoms  of  oxvrren, 
and  the  base  1  atom,  it  is  plain  that  the  sesqui- 
salts  must  all  come  under  Berzeliua'  law;  be- 
cause li  atom  of  acid  \\\\[  contain  3  atoni::  uf 
oxygen,  and  3  is,  of  course*  a  muUipie  oi  1  ^  but 
in  acids  containing  1  or  S  atoflu  of  oxygen,  the 
hivv  of  Bcizcliiis  cannot  hold. 

With  respect  to  tiie  subsesquisalts  they  will 
all  come  under  Berzelius*  law  when  the  acid 
happens  to  contain  3  atoms  oxygen,  and  ihv  ba^ 
only  1  atom ;  but  they  will  deviate  from  k  wfaeO' 
ever  the  acid  contains  1  or  2  atoms  of  oxygen. 
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Up(m  tbe  whoie^  though  the  subsalts  and  ses- 
quisalts  have  not  been  suffidently  investigated 
to  enable  us  to  decide  upon  the  point  with 
perfect  certabaty  $  yet  ftom  what  we  do  know, 

there  appears  sufficient  evidence  that  Berzelius' 
rule  cannot  be  considered  as  a  general  chemical 
hw;  and  that  we  run  the  risk  of  fiilling  into 
most  egregious  mistakes,  if  we  make  use  of  such 
a  lam  in  calculatiug  the  atomic  weight  and  che- 
mical oonatitution  of  the  acids  or  bases.  I 
pointed  out  some  remarkable  examples  of  tliis 
error  when  treating  ot  uranium,  to  wiiich  iL  is 
merely  necessary  to  refer  the  reader. 


APPENDIX, 

EXHIBITING  THE 

SPECIFIC  GiiAVlTlES  OF  THE  GASES, 


AND  THE 

ATOMIC  WEIGHTS, 

DETERMINED  IN  THE  PRECEDING  CHAPTEUS  OF  THIS 

WORK. 
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TABLE  L 

SPECIFIC  GRAViTY  OF  THH  GASES. 


A?r 

Hydrogen  , 
Cartx>n  vapour 
Carburetted  Hydrogen 
Amuiotiia  . 
Steam  • 

Subpbosphuretted  hydrogen 
Pho^borat  vapour 
FhoipbuMltd  hydrogen 
Hydraeynrfc  icid  fapour 

Bihydrogurak  of  phospbonit 


Olclwti 


Oxygttt 
Su^piinrvipoiir 


llmtaiie  acid 
Oilgpa 

Carbonic  add  • 
Fratosida  of  aMU 

Cyanogen  •  . 
Sulphunmaadd  • 

Tellurium  vapour  « 
Tellureued  hydrogm 
Fluoboric  acid 
Protoxide  of  chlorine 
Chlorine  • 
Ar«?nic  vnpour  . 
Bibuliihurft  of  carbon  vapour 
ArsenititL'd  Hydrogen 
Selenium  vapour 
Sulphuric  atid  vapour 
Selenietted  hydrogen 
Nnphtha  vapour 
Oilorocarbonic  acid 
Fiuo&ilicic  acid  • 
>Jitric  acid  vapour 
llydriodic  acid  . 
Oil  of  turpamiiw  vapour 
lodfait 


mr*  VBMVaa  m 

wtioiTor  100 

1 

30*5 

0*0694 

2*1180 

• 

18*608S 

0'55.55 

• 

16*9444 

0*59027 

18*0055 

0«625 

19*0690 

• 

0«6944 

91*1805 

• 

• 

93*4I6« 

• 

0*9087 

0*9875 

99*0790 

• 

0*97SS 

89*6597 

• 

99*ow7 

• 

0*y722 

99*9587 

• 

99*8597 

• 

l^M  J  ou 

81*7706 

1*1  111 

• 

884988 

1*111 1 

38*8888 

l*180o 

SS'OOoO 

l*8847al 

AA^I  AAA 

39*1839 

• 

1  •4583 

• 

44*47917 

• 

1»5277 

• 

46*5972 

# 

• 

46*5972 

• 

1  'oOSS 

55*0694 

• 

2*2222 

• 

f)7*7777 

• 

2  •2222 

• 

67*7777 

2*2916 

69 -89583 

• 

2*3611 

• 

72-0135 

2*4444 

• 

74  -5555 

3*5 

76*25 

• 

8*6588 

• 

80  "1861 

• 

2*o3oo 

• 

80  "4861 

Z'7u83 

• 

82*60416 

2*7777 
^  lift 

2-7777 

84*6980 

2«8522 

86*9927 

S*9166 

88*9563 

3 '4722 

105*9080 

3*611  i 

110*1885 

114*875 

4*94097 

139*8785 

5^190 

158*8900 

9<61li 

869*6908 

Digitized  by  Google 


478 


'  APPKNOIX. 


TABLE  11. 

SPECIFIC  GRAVITY  AMD  ATOAUG  WEIGHTS  OF  TU£GAS£S 
RBFEBRED  TO  OXYGEN  GAS  AS  imiTY. 


I,  GASES  WHOSE  ATOMIC  WEIGHT      SFEdFlC  GftATITT. 


0«ygenga« 
FlnoriKck  add 


•.pre  inc 

wKicftr. 

uAATrn. 

• 

1 

1 

• 

• 

8-95 

S-S5 

lU  GASES  WHOSE  ATOMIC  WEIGHT  IS  DOUBLE  THE  SKBCinC 

.  61UVITT« 


a.  SmpU  Bodkt. 


Hydrogen  fM 

Cwixin  vnpoitr 
Phospliai-us  TVj  our 
Aiotic  gas 
Sulphur  vapour 
Telluriuni  vitpoor 
Chloriotf  gas 
Arsenic  wmpew 
Selenium  vspoor 
JoiUnc  vapour 


1  ATOMIC 

1  WBMO, 

ca*un. 

1  0  125 

0-0^5 

0*75 

0-375 

I '5 

0-75  j 

VIS 

0<e75 

s 

I  1 

4 

2 

4^ 

W5 

4<75 

-f«f9 

9*5 

b. 


ConUMUiUt  and  Hydrogen, 


Carburetted  hydrogiu 
rttosphurettcd  hydrogen 
Subplio^uretted  hydrogen 
nibytiruguret  of  pbocpbonit 

Oil  (|M 

Sulpburctttnl  hydrogen 
TelluTfttcd  hydrogen 
Oil  of  lurpfuliiie  . 
ArscnirUid  hydrogen 
Selenietted  bydrrgen 


JfTOMIC 

wnemK 

WRIGHT. 

dsaim. 

I 

0-5 

I -ess 

omu 

1-25 

0-625 

1-75 

0-S75 

1-75  J 

O-bTi 

S-6S5? 

I -31 75? 

2-125 

1-0625 

4-125 

2-06»5 

9-1 25  ? 

4-5625? 

4-875 

2-4375 

5-125 

2-5625 
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c.  Compounds  of  iHimple  CombusliLles  and  Ojcygen. 


Steam 

Carbonic  oxide  gas 
CatbducMid 

Protoxide  of  azote 
Nitric  acid  v.ipour 
Sulphurous  acid 
Snlphtinc  wkl  mpoor 


d.  MisceilaHeous  Compounds, 


Cyatu>gcn 
Fluobone  acid 
Bisiilplnirct  of  carbon 
ClUorocarbonic  acid 


III.  GASES  WH06B  ATOMIC  WEIGHT  IS  QUADRUPLE  THE  SPBCIFIC 

GRAVITY. 


ATOMIC 

SI*ECtFlC 

WBKiHT. 

i.KA>  in. 

1*125 

0*5625 

I '75 

0*875 

S*75 

1*S75 

2'75 

1  '3 1 5 

6*75 

4 

2 

5 

2*5 

ATOMIC 

spBcmc 

WEIOBT. 

auvmr. 

3*25 

1*625 

4-25 

2«I25 

4-75 

2-37.> 

6*85 

3*125 

Ammmiiacal  gaa 

Hydrocyanic  ncul  viqpoar 
Deutoxide  of  a49l0  • 
Muriiuic  acid  • 
HjpdikNlie«ad 


ATOMK 

WJDCHT. 

9aA«m.  1 

6«531S5 

3-375 

0*84375 

3-75 

0»f>375 

1 '15625 

TABLE  IIL 

EXHIBITING  THE  ATOMIC  WEIGHTS  OF  BODIEa 


Hydrogen 

Base  of  fluoric  aeid? 

Carbon 

Boron  • 
Silicon  • 
Oxy{»cn  • 
Carbureitod  bydrogea 

Aiuminum  . 


ATOMIC  n 
WBICUT.  11 
OXTQBM  iniMLg 


0*125 

0-25 

0*75 


.12.' 
•25 


1 

2 

G 
8 

a 

8 
8 
9 


Lithium  , 
FIttorieacid    •  • 
Subpbosphuretlcd  hydwyp 

Napbihnline  . 
l^iosphorus      .  . 
Magiietium     •  • 
Piiospfausetted  bydMgnt 
Azote 


10    Carbonic  oxide 


ATOMIC 
Wr.lUHT . 
QKTCBN'IIVna. 


1*25 
l*9S 

1-25 
1*25 
i»5 
1*5 

l*6«l| 

I  -7.1  I 
1-75  i 


10 
10 
10 
10 
12 
IS 
13 
14 
14 
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Olefiant  gas 
Bihydroguret  of  phosphorus 
Sulphur 
Silica 

Atnnionia  • 

Sulphuretted  hjrdrogen 
Deutoxide  of  hydrogen 
Alumina 

Lithia  .  • 

Fluorine  ?  • 
Glucinum 

Phosphuret  of  corlxm 
Magne&ia  . 
Phosphorous  acid 
Calcium 
Oil  gas 
Carix>nic  add 
Protoxide  of  axotc 
Alcohol         .  • 
Boracic  acid  . 
Sodium  .  * 

Hypmulphnrous  acid 
Hydrate  of  hiiica 
Sulphuret  of  lilhiutn 
Glucitta         •  . 
Cyanogen        .  . 
Nickel 
Cobalt 

Fluosilicic  acid 
Hydrate  of  ahitcina 
Hydrocyanic  acid 
Sulphuret  of  magnesium 
Iron 

Manganese  . 
Chromium 

Phosphoric  acid  • 
Plio«phurct  of  sulphur 
Lime  .  . 

iridium         .  i 
Deutoxide  of  azote 
Nephrin 
Sulphurous  acid 
Copper 

Tellurium       .  . 
Titanium 

Suboxide  of  manganese 
Tdlurected  hydrogen  . 
Zinc  • 
Fluulx>ric  acid 
Protoxide  of  nickel 
Protoxide  of  cobalt 
Yttrium 


ATOMIC 

WKIUHT. 

vxaa 

IV 

■« 

OXTUKK 

1 

Hvoa. 
—  1 

otioax  ji 
=  1 

im 

=  1 

l'75 

14 

Chlorine 

4-5 

5i 

1'75 

14 

Sulphuret  of  calcium 

4-5 

5S 

2 

If) 

Protoxide  of  iron 

4-5 

36 

2 

Id 

Protoxide  of  manganese 

i'S 

36 

17 

Protoxide  of  chromium 

4*5 

2- 125 

17 

Bihydratc  of  alumina 

4-5 

2- 125 

17 

( )xalic  acid  . 

4-5  1 

2 '25 

18 

Muriatic  acid 

4-625 

37 

2-25 

18 

Formic  acid  . 

4-625 

ST  , 

2-25 

18 

Sulphuric  ether 

4-625 

S7 

2-25 

18 

Peroxide  of  nickel 

4-75 

2-25 

18 

Peroxide  of  cobalt 

4*75 

m 

2-5 

20 

Arsenic  . 

4 -75 

55 

2-5 

20 

Protoxide  of  iridium 

4-75? 

2-5 

20 

Hyponitrous  acid 

4*75 

2-625 

21 

Bisulphurct  of  carlion 

4-75 

2 '75 

22 

Ar?5cnietted  hydrogen 

4-875 

2-75 

22 

Potassium 

5 

2'873 

23 

Deutoxide  of  manganes4 

t 

5 

9 

V  1 
24 

Peroxide  of  iron 

5 

5 

Zirconium  . 

5 

3 

24 

Sul])huret  of  sodium 

5 

5-125 

25 

Sulphuric  acid 

5 

«{ 

.>-25 

26 

Oxide  of  copper 

5 

«f 

3'25 

Oxide  of  tellurium 

401 

5-25 

'26 

Protoxide  of  titanium 

4Qt 

.7-25 

26 

Selenium  . 

5  ' 

5-25 

26 

Dihydrate  of  silica 

5- 125 

3 -25 

26 

Selcniotted  hydrogen 

5«I25 

i\\ 

3-375 

'27 

Yttria 

5-i5 

a 

3-375 

27 

;  Oxide  of  rinc 

5-25 

3-5 

28 

,  Sulphuiet  of  nickel 

5-25 

3-5 

28 

I  Sulphuret  of  colwlt 

5-25 

4? 

3-5 

28 

]  Naphtha 

5-25 

44 

3-5 

28 

'  Strontium 

5-5 

3-5 

28 

Rhodium 

•V. 

5-5 

44 

3-5 

28 

Tritoxide  of  m:\ngnnosc- 

5-5 

44| 

5-5 

28 

Protoxide  of  cliltirinv  ' 

5'5 

44 1 

5-75 

30 

ProtOKulphuret  of  iron 

.•;-5 

ut 

3-75 

30 

Deutoxide  of  chromium 

5'5 

44] 

3-7^ 

30 

Sulphuret  of  rhroiniuin 

5-5 

44] 

4 

32 

Antimony 

5-5 

4 

32 

Nitrous  acid 

5 '15 

4 

52 

Lactic  acid 

4 

52 

Peroxide  of  indium 

5\j  ■ 

4 

32 

Chloride  of  lithiimi 

5-75 

4-125 

33 

Zirconia 

6  • 

4-25 

34 

Molybdenum 

6 

4 '25 

34 

Pota&li 

6 

4 '25 

54 

Titanic  acid 

6 

4-25 

34 

Sulphuret  of  titanium 

6  ^ 

4-25 

34 

Sulphuret  of  copper 

6-  • 
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Pwfoclilorulc  of  phosphorus 
Chloride  of  ni^uc«iuin 
Oxide  of  •elmfon 
Protohyd.  of  Bulphnrii;Mid 
PcrI^4nMe  of  ifoii 

Sii^miftt  of  nUe 

Acetic  acid     i'  . 
flucdojc  add 
CSiloracsHNMiic  acid 

ScroutJ&n        .  . 
Scsquitulphiire^  of  iron 
Chroaiic  acid  • 
IVoitnido  of  antimony 
Manganesous  acid  ? 
Procovido  of  rliodium 
Gbloriloofiolpfaur  • 
Nitric  acid  • 
Sulphuret  of  arsenic  . 
Anienioua  acid 


Palladium 

Protoxide  of  molylKiciiuni 
Proto^lphuret  of  potassium 
I>eiitokid«  of  andmooj 
Chloride  of  calcium  • 
SeWnif  acid  • 
MMnMdTiiUai  . 
■ydnie  o£  ikooak 

ffrokwda  of  cariuro  . 
CSltfeicid^  I 

Acetic  acid  crj-stals 
Pcronide  of  rhodiuni 
Peroside  of  aotiuiony 
lUanganeMc  acid  . 
Chloride  of  WHliuni  . 
Su||)huret  of  rhodium 
pcraii  ipbuivt  of  {ran  ^ 
^Iphttret  of  stromiimi; 
Tritoxidc  of  chlorino 
AminMmic  acid 
Siif|jh(lRl  of  aiRinioiiy 
KiTines  mineral 
Chloride  of  nickel 
Araann  acid 
GUoride  of  cobalt 
.Seaqutsulphuret  of 
Pwoxide  of  qenom 
ClilorocyaBic  arid 
yalUc  acid  . 
Oftide  of  cadmiuM 

Vol  II. 


ATOMH 

WKitiirr. 

1 YDH- 

0 

A  U 
TO 

O 

o 

1  u 

A  <\ 

OM  Jj 

fl 

'«y 

O  it  IZ 

D  ".7 

oU 

9*95 

\ 

OU 

b'5 

o  J 

CO 

o'5 

iiJ. 

0*5 

no 

0  3  ■ 

CO  V 
<>^  . 

b'i 

52 

6 '5 

O  'I  J 

o'75 

0  7j 

7 

do 

7 

do 

<A 

7 

R/; 
oo 

7 

*>o 

on 

7 

do 

^7  •185 

At 

at 

7*li!5 

em 

91 

7  *5c3 

do 

7*5s5 

CO 

OO 

7'l45 

do 

7*3»7o 

Ol) 

uU 

(••J 

7*5  r 

T"9 

/in 

•7*5 

oo 

7*5 

DO 

7*5 

oU 

7«5 

60 

7*5 

60 

7'5 

60 

7-625 

CI 

7-75 

62 

7-75 

62 

7-75 

62 

7-75 

62 

7'75 

6S 

7^5 

€S 

7-75? 

62 

8 

64 

<  I  • 


ATOMIC 
waiQBT. 
OXYOBN  iMVDa. 


Oxide  of  paRndiiim 
I'croxtde  of  pota&iuuln 
Chloride  of  fffMi 
Chloridf  of  manprHntse 
JUisulpburet  of  copper 
Alolybdous  acid 
Scsquisulphuratof  Mlaii&|p 
Tartaric  acid  , 
Protoxide  of  tin  • 
(^iiadnnide  of  cblorfno 
(  hloride  of  copper 
Dichlorido  of  sulphur 
Chloride  of  ziuc 
Barium  .  . 

Tannin  . 
Bismuth         .  « 
Molybdicaeid 
L'ric  acid  , 
Suboxide  of  copper 
Dcutosulphuret  of  potass. 
P«roiide  of  aodlum 
,  SidpbtirK  of  cadmiuai 
Sulphuret  of  paltadiom 
Hypusulpburic  acid' 
Oxalic  acid  crystals  ^ 
Oil  of  turpentine  . 
1  Peroxide  of  tin  . 
PhMoaulplnirat  of  till 
Tartaric  add  crystaU 
Dichlorido  of  calcium 
Citric  acid  crystals 
Chloric  add;  J 
Chloride  of  pblMium 
Barytcs 

Seleniet  of  arsenic 
Oxide  of  bismuth 
Bisulphuret  of  inohhdenum 
Disulpburet  of  copper 
Chlorido  of  aadnwny 
Chloride  of  strimtium 
Seaqutwlphuret  of  tin 
Perchloride  of  pboc^ihorus 
Sulphuret  of  bariimi 
Peroxide  of  l^arinni 
Sulphuret  of  bismuth 
Tritosulphuret  of  potaasiutD 
Cliloride  of  strontium 
Fuming  sulphuric  acid 
Peraulptiuret  of  tin 


8 
8 
8 

8 
8 
8 

8 

8-25 
8*85 
8*5 
8-5 
8-5 
8-75 
8-75 
8-75 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


64 
64 
64 

IJ 

<S4 
64 

er, 

66 
68 

ca 

70 
70 
70?j 
7.1 
•TV 


72 


72 


'■f 


9-1C5?  75?j 


9*25 
9*tS 

9-375 

9-5 

9*5 

9-5 

9-5 

9-75 

9 '7;$; 

10 

10 


"if 
I  — 

72 
72 


74 
74 

7^ 
76 
76 
76 
76 
718 


t 


Perchloric  acid 
Hli 


10 
10-25 
10-5 

10-  75? 
II 

11 

11 

11-  125 
11 -35 
II -25 

1 1  -21 
11.5 


SO 


,1 

I 

i 

1 


82 
84 

Htm 

8S 

sa 

89 
90 
90 
HO 
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Chloride  of  cadmliim 
Protocblotid*  df  tm  . 

Platinum        .  • 
Perchlorida  of  iroa  • 
copper 

P«rsulphuret  of  bunnaA 

Quadrosulphurct  of  potass. 
Protoxide  of  platinum 


SMbeUc  acid 

Chloride  of  barium 
Chloride  of  bismuth 
aOrar 
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XXVI.  SULPUUR£TS. 


Ancnk,  '.uliili'irct  . 

sesfjiiisulplmret 
Sulpbur?t  of  •nthnoiqr 
'  bariuin 
-  -  tusmuth 
cadmium 


•  ■  1  e 


chromium 

ColiiDiMtn4  nlitteiit 

Copper,  disulphuret 

sulpliurct  .. 
bii>ul|>i>uret 
Gold,  trilosulphufvt 
fnil^  Milphitrct 

sestjuisulpimret 
bisulpliurct 
Le>J,  dituijAuret  • 
sulplturt't 
bisulplinnt 
LMiiuin,  sulphurct 
MagttdtrtBb  do.;  ^  . 
Mnnganese,  (i%  ^  ♦ 
^4«rcunf>  do* 

Nickfl,  sulphureC 
PallacJium,  do. 
riatUiuiD,  do. 


FotSidurn,  proiosulpliurct 

^   "  dciito«Ti'ptnnT't 
mtOj>uipiiurut 


quintosulphurot 
lihodiuin,  sulpiiuret 
3ilv€r,  do. 
flpdniiDy  d(k 
Sirontbn,  dob 
IbIOi  do. 

•nqoiRiIplmrct 
Mwlphmf  . 
fitaniutn,  iilplfifiT 


Uranium, 
Zinc,  ^ 
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TABLE  V. 


COBIPOUND  SALTS. 


I.  AMJfONIACAL  COMPOUND  SALTS* 


I*  Ammomo-Sulpkate  if  Alumina, 


S  atoms  fulpliale  of  Alumina 

I  a'om  sulphate  < 
85  tUomi  water 


2.  Ammottio'iiuiphate  of  Copper, 

1  atom  MlplMte  of  coppor  • 

1  atom  sulphate  of  ( 


S*  AntmomO'Perse$qmtidpkale  of  Jnm* 


7*125 
28'iaS 


^7}m 

6^5 


ATOMIC  wuoim,  . 


57 


2  atoms  peneaquisulpliate  of  iron 
1  atonitiil^plMleof  I 

S5I 


4.  dmmomthSidpkaie  Mugntma* 


25 

7«I25 


23'875 


456 


191 


1  atom  sulphate  of  magnoia 
1  atom  sulphata  of  ammoiiia. 
7 


5, 


qf  Mangfmue, 


1  atom  svjlphate  of  mangant'so 
i  atom  sulphate  oi  nmmunia 


6.  AnmwmO'Sti^^ate  cfNichL 

1  atom  sulphate  of  nickel         •  , 
1  atom  sulphate  of  ammonia  • 
7 


7-5 
7-125 

Ml  it, 


9*5 

7*185 

7-ff75 


9-25 

7-125 

7-875 


60*85 


468 


180 


84*5 


I 


Ii4 
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7.  AmmomihSw^Me  rfFtUak. 

1  atom  sulphAte  of  potash  •  • 
1  atom  tuljJiale  of  ammoma  • 


8.  AwummkhMpkaie^  Stda. 

1  ntom  sulphate  of  soHfi  .  • 

1  atom  sulphate  of  ammonia      .  > 


9.  Ammomo-Smlphate  of  Zmc» 

* 

1  atom  sulphate  of  zinc  •  •  • 

1  atom  sulphate  of  ammonia  •  •  • 
7  atoms  wattf  ,         •         .  • 

10.  Amnujnio-Carbonaie  qf  Uram9tm> 

1  atom  carbonate  of  uranium     .  •  • 

S  atoms  carbonate  of  ammonia  •  • 

4  atoma  water  •  •  •  • 

11.  AmttWhio-Fiios^haie  of  Ma^ntsia. 

1  atom  phosphate  of  magnesia  •  • 

1  atom  phf«<^phalB  di  •  • 

4  atooM  wotur  .         •         •  • 

12*  AmnKmio-Fkosphaie  0/  jSudu. 
1 11001  phosphate  of  soda        •         •  • 

I  ntOTTi  phrKphala  OC  SIBllMnM  •  • 

16  atoma  water  •  .  •  • 

13.  Ammottio-Arseniale  of  Soda. 


1  ntom  nrscniat# 

8  atoms  water 


14b  Ammmio-MuriaU  of  Copper* 

9«lonHi«tunateorcQ|)per  • 
1  atom  mxiriate  of  ammonia  •  ■ 
9  atoms  water  •         •  • 


\iJiy.=  1  Ht«L=1 


10-25 
7-125 
7«875 


30-75 
14-625 
4*5 


6 

5-625 
4*5 


7-5 
5-625 
18 


11-75 
9-H75 

y-ooo 


19-25 
G'75 
10-125 


22-875 


S5-9S 


49«75 


16-125 


91*195 


Sff*lS5 
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15.  AniTttoniO'Permuruile  of  Iron. 

1  atom  MtquipenDumte  of  iroo  • 
1  ttooi  Piarwte  of  aiDiiiooiA  • 

16.  AmumuhMuriaU  ^  FltUinum. 
1  atom  bidilofide  of  platiiiuni  • 


17.  Ammnie  Oamhte  €f  Copper, 


1  atom  oxnl5iU'  of  copper 
1  atom  oxalate  of  amtnuiiia 


18.  AmmmiMkcahie  qf  Copper. 

1  ntom  oxalic  acid  •  • 

1  aiom  oxide  of  copper 
1  irttmi  ■mnoob 
1  mom  water 

19.  DUfo,  PulvarvkiU, 

1  atom  oxalate  of  ammonia  . 
1  aioin  dBoialttle  of  copper  • 


Oxy.=  I 

Hyd.  =1 

11-9375 

6  75 

1491 

SI 

^•75 

07«7C 

222 

o<e 

m  ■9 

6*695 

SW 

156 

4 '5 

•  •* 

5 

t  2-125 

,  1125 

12-75 

102 

6*625 

14*6  ' 

1  169 

II*  POTASH  COUPOUNO  SAU». 


1.  Ahim. 

n  atoms  sulphate  of  rilumina 
1  atom  sulphate  ot  putaftb 
25  atoms  water  ... 

2.  PotasI^Xrisulpbate  of  Abmhut. 

S  atoms  trisulphate  of  alumina  • 
1  atom  sulphate  of  potash  -  . 
9  atoms  water  ... 


21 '75 
11 


Hyd.=  1 


|Oiy.=  1 


60-875 


35*25 
11 

10*1S5 


56S75 


487 


451 
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3.  Potash' Sulphaie  of  Copper. 

1  Hoai  sulphate  of  potash 

t  atom  sulphate  of  ooppcr  . 

6  atoms  water  .... 

11 
10 
6*75 

97<75 

m 

4*  PoUuk^Protosulphaie  of  iron. 

1  aioiii  firaioiii1|ilMii0  of  ifon 

1  atom  sulphate  of  pettHb        •  • 

5  atomi  water           •        ,         .  • 

9-5 
11 

6'62S 

964SI 

» 

5.  Pbtoik^SaqmsuipkaU  of  Irm* 

•       a    a      A  ^9 

9  atoms  penesquisulpbate  or  iron        •  • 

I  OMB  MllplMlO  of  pOlMh 

SSotoiBairatsr 

85 
11 

88*125 

64-1S5 

515 

6.  Poiaih^P»nilpkaU  ^  Irmu 

1  atom  persulphate  of  iron 
1  Hon  iulplMte  of  poiMh 

10 
11 

8*85 

23*25 

18$ 

1  atom  siilpbatc  of  potash         .          •  • 
1  atom  sulphate  of  aiagneaia    •         •  • 
7itoaioiiiiMr           •        »        •  • 

11 

7-S  • 
7«875 

S6475 

Sll 

8.  FfJiaMh-SutpkaU  ff  Mattganm, 

1  atom  sulphate  of  potash 

1  atom  sulphate  of  manganese 

5  atoma  wtur           •         .         •  . 

11 
9-5 
5-6Sff 

8S-1S5 

9» 

9.  Polash'Sulphale  of  Nickd* 

1  atom  sulphate  of  potash        «          *  » 

1  atom  sulphate  of  nidtoi  • 

G  atoms  water            *         •  » 

n 

6*75 

87 

Sl« 

10.  Poiash'6ulpliaie  €f  Zmc 

1  atom  aulphate  of  potaA       .         •  • 

1  atom  sulphate  of  BBC           •  • 

7  atoma  water           .         •         ^  • 

11 

10-25 
7-875 

891tf 

SB 

16 
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11.  PUath'PerteiquuulpluUe  of  Uranium. 


1  MOfB  pcnnH|uiiQlplMM  of  Qnniinni 

I  atom  sulphate 
4  «tonu  water 


* 


Poiatk'CarboiuUe  of  Magmetia. 

of  potash    .         .      .  . 


I  sloin 
S  alonf 
9aloim  witer 


18.  PaUuh^Oxalate  qf  Copper. 

I  mom  oxalaie  of  potash  •  • 

t  Uom  m«lat»  of  copper 
4 


14.  IXUo,  m  (Mque  Ptimt. 


I  atom  oxalate  of  potash 
1  atom  oxaUite  of  copper 
If  Monw  wHier 


15.  Poiatk^Pkospkaie  of  Soda. 

!  atom  phn^phrifc  of  potash       «  • 
I  atom  piiosplmtti  of  soda         .  . 
15 


16.  Potash- Arseniale  of  Sixku 


1  atom  aneniate  of  potash 
I  atom  anenialfiof  K)cla 
18  atoms  watff 


17.  Poiasit'TariraU  of  Soda. 


I  atom  tmnte  of  potash 
1  n\am  tartrate  of  i 
8  atoms  water 


18.  Tartar  Emdk, 

9  aloiiit  taitatle  icid 

3  atoms  prototid*  of  andnony 

1  atom  pota«Ji  .  , 

2  atoms  water  . 


ATUMIC  WUOIIT& 

II 

4-5 

51 

■ 

408 

11*5 

10-5 

10'I25 

3S-125 

257 

104 

9*5 

4*5 

S4*5 

196 

10-5 

9-5 

S-25 

SS«S5 

178 

9-5 

7*5 

93*875 

871 

13-75 

11-75 

ao-25 

45*75 

376 

14415 

-  9 

55 '5 

284 

16-5 

19*5 

6 

3-25 

\ 

44*25 

354 
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19.  Sulpho'Chromait  of  FUash. 


f>  atoms  sulphate  of  potMh 
1  atom  cbromato  of  potash 


90.  PcioMh^Muriaie  PoUadmm. 


muriate  of  palladium 
nttrlaiaorpoiaih 


SI.  Paiamum-Ckhnde  ^  Piathmm. 

I  atom  bichloride  of  platumm  •  • 


ATOMIC  WBOm.  ' 

G6 

12-^ 

78*5 

10-625 

1-125 

24-375 

195 

81 

9*5 

9hS 

Ml 

III.  COMPOUND  SALTS,  WITROUT  POTASH  OR  AMMOVIA. 


1.  Boro-Tarirote  qf  PoUtsh  and  Soda. 


1  atom  biborate  of  so<h 
9  atoms  bitaitrate  of  potaab 


2.  Calcareo-Acetaie  of  Copper. 


1  ntnm  acetate  of  lime 
1  atoii)  .KX'tnte  of  COf^ptr 
(j  al(|im  water  • 


3.  Carbo- Tartrate  of  Alumina  and  Soda, 


I  atom  taitraie  of  alumiim 

1  atoTn  rnrbonate 
D  aUnns  water 


4.  Magnciio'Carbonaie  of  Lme* 


10 

22-5 
15*5 


0-75 
11-25 
6-75 


10-5 
6-75 
10-185 


5*S5 


Oxy.=  rHj£gj; 


46 


«7»75 


11*5 


90 


16 
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5.  DUio  in  CrifsUds-^BiiUt  Spar. 


1 


6.  Sodi^OxtUaie  nf  Ccpper* 


I  mtom  oxalate  of  soda 
1  aCnn  ouhtt  of  copper 


7.  iMo^ Ai^jsAttle  ^  lime. 


1  atom  sulphate  of  lime 
1  atom  !»ulphate  of  soda 


8.  Soda-^ttlpkaie  of  AlumitUL 

9  MDms  sulpbite  of  alumbui    •  . 
I  atom  suli^ace  oCtodb         .  • 
2S  atoms  water  •         *  • 

9.  Sodium^Chioiide  ef  GoUL 

1  AtoBH  blcMoiMa  of  mU 
1  atom  ddoride  of  iddiiain      •  » 
8 


10.  JSodhm-Ckhride  Pkimum 

I  atom  bichloride  of  platioum   .  • 
1  ttom  chloiidt  oCaodiwB 
8  attmia  imiar 

11.  SBda-MmrmU  ^  Rko^um. 

1  atom  permuriate  of  rhodium  . 
1  MomcwmMmMlt  • 


12-5 
5-25 


8'5 
9-5 
9-S5 


8-5 
9*0 


«1«75 

9 

88-185 


34 
7*5 
9 


21 
9 


7-5 
9 


ATOMIC  WKIGIII>4. 

Qxy.sB  liHyd.g8 1 


17-75 


90-95 


17«5 


58*875 


50-5 


57-5 


98«685 


14S 


168 


140 


471 


404 


800 
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TABLE  VL 


LXliiBITlNG  THE  SUBSTANCES  IN  Till-  TllKEK  PRECEDliiG 
TABLES,  ARRANGED  ALPHABETICALLY. 


- 

1 

A 

wBioirm 

Acetate  of  alumina 

* 

9'6\t5 

Antfmouic  ofid  « 

■ 

ammonia 

I6'25 

AntimoDT      ■       •  • 

S'S 

barjrlet  • 

• 

ID -375 

AnAtite           .        .  ■ 

8-75 

cadmium 

• 

16-5 

Araeniate  of  alumina 

16-75 

copper  • 

« 

1S*375 

ammonia  . 

9-s:5 

llXMH  • 

• 

14'i25 

bismuth  • 

JP 

lead  4 

23  "625 

cad  m  i  un  ■ 

lime 

• 

lo*5 

cobalt  • 

I6-i 

magoctiia 

14-J75 

lead  « 

21*75 

lIMIISUlf 

» 

15*25 

11-25 

• 

36*75 

magnesia  • 

bickd  . 

16'i25 

manganese  . 

poUsh  • 

■■MWi  iirv 

•ilircr 

21 

nickel  . 

IS  75 

soda 

• 

17 

Subsc<;qiinrsenFrifc  of  -silver 

BtitMUiaQ 

13'875 

Arscuiate  ot  btroniion  . 

19-375 

liiic 

Acetic  acid 

• 

o*25 

Arsenic          '•  ■ 

4-75 

Ditto,  in  crystals 

Ap*u''tiir*  AfiH 

Alcohol         .  • 

2-875 

Ani£ni«>tled  Hvdni^t^n 

4-87> 

Alum           •  i 

60*875 

AnankNia  acid  • 

6-75 

Alurninn         •  • 

2-25 

Asota    •      •      ■  • 

1-75 

Aluminum     •  .  • 

1-25 

Ammonia  • 

■ 

Air 

Ammoiiio<carbonatc  uf  uranhmi 

49-875 

B 

Ammonio-muriate  of  copper 

36*125 

AmmoDio.pcnnunat«  of 

iron 

18*6875 

Baiiuui        •      •  • 

0-75  1 

AmnoDMKtonriaie  of  platiiMm 

Aromonio-oxalate  of  copper 

19-625  ' 

Bantes          .       .  « 

9-75 

Ammonio-oitalalc  of  copper 

12-75 

liichloridc  of  mercury  . 

S4  i 

A  uiiuonio*perMitM|ukulpb 

ale  of 

platinum 

21  I 

IrOo  • 

• 

59*125  i 

14  i 

Ainnionio-|dXN(liat«  of 

tin  ! 

le'ss  1 

nesia       .  . 

16*125 

lienioate  of  ammonia  • 

Ammonio. phosphate  of  Mdt  I 

31*185 

lead 

AmnoniO'&ulphate  of  all^dl^i 

59-25 

potash 

Benzoic  ncid             .  , 

84'J75  r 

Atnmonio-sul)  hate  of  copper 

23-875 

15 

Arnmoaio-aulphate  of  ini«nesia 
Amnbiuo«fumlnM  of  miiga 

22-5 

liicarbonale  of  aniintMua  . 
potaah 

8-75 

nose       .  . 

• 

24-5 

sndn  . 

:  |0  -<?!!5 

Ammonio-sulplmto  of  nickel 

24  '25 

Bichromate  of  ammonia  . 

Auimouio^&ulpiiatc  of  pota^ 

22-625 

potash 

19  1 

AmoKMiio-sulpliatc  of  soda 

22*875 

Difluoborau*  of  ammooaa 

Aiiwioiiio-aiilphaie  «C  atoe  " 

86*80 

fiifluoMlicale  of  aniMMM 

1 
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Bihydralt  of  aliiiBlm 
Bihytlrogurti  of  photpbnmti 

Bimuriate  of  tin 
Binaneniate  of  amraonU 
aiekd  • 

soda  • 

Kuoulale  of  Manonh  • 

nr»aj»nesift  . 


stronuan 
Bipbosphate  of  ammonia 
stroniian 


BisUicate  of  lioe 


BfinlplHIIft  of  cobalt 

glucina 
potash 

Bismuth 

Bnui|ilittrol  carbon 
copper 
iron 
molybdeoiiRi 
lead 
norcury 
plalinam 
tin 

tungsten 
Bitartrate  of  magct^ 


Pittrr  spnr 

liituflgiititti;  of  ammonia 
Imd 

Bortdeadd 

Boron 

Boro- tartrate  of  poUiUi  auU  soda' 


\TtiMK 

Oxy. 


I  Cnbonsio  of  wnmoiiio 


Cadmium 

Calcareo^etatc  of  copper 
Cftlciam  . 

C«rbo.twtiite  of  alumioa  and 
ioda 

CoiInni   •        •  ■ 


1-75 

21-  875 
19*875 
31 

22-  625 
43-125 
90*195 

22-  125 
19*375 
17-25 
16*375 
15-5 

7-875 
15'75 
18 

23-  75 
7-5 
8*5 

17 -  025 

18-  875 

18-  25 

9 

4-75 
tt 

7*5 

10 
17 
29 
16 

11-25 

19-  75 
20'125 
24*75 
17-75 
41-875 
51*5 

3 
1 

32-5 
51*5 


7 

87-75 
8i5 

27-375 
0«75 


barj'tes 

cadmium 

cobalt 

iron 

lead 

lime 

litliio 


pottth 

uUer 

soda 

strontian 

uituuum 

jttria 

dac 

Carbonic  add  • 

oxide 

Carburcttcd  liydrogcn 

Cerium  . 

Chtorie  add 

Cillorido  of  antimony 
barium 
bismuth 


ccnnm 

duooium 

cdwlt 

copper 

j^liicinum 

gold 

iron 

lead 

lime 

lithium 


mercury 

aickd 

palladium 

platinum 

pota&ikium 

rhodiim 

ftilver 

sodium 

atraotium 

sulphor 

tin 

uranium 
jltrittiD 


ATUMIC 
WRIUimt. 


Oxy.=  l\ 
3-875 

12-  5 
10-75 

8-125 

7-  25 

16-  75 
6-25 
5 

8-  625 

9-  5 

10-  375 
II 

17-  5 
18 

9-25 
31-875 
9-125 
9-125 
8*75 
1-75 
1 

6-25 
9*5 
10 

13-  25 
13-5 

11-  5 
10-75 

8 

7*75 
8-5 
6-75 
99*5 
8 

17-5 
7 

5' 
6 
8 
29 
7 


75 


95 


11-5 
16-5 
9-5 
10 

18-25 
7-5 

10 
6-5 

11-75 

30-5 
8*75 
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612 


Chlond*  of  zinc  « 

zirconium 
CblORMiibonic  add 
Ch]orocyaxiic  add 
Chlorine  • 
Cbloriodic  acid  • 

i#f  wiidioaI> 
barytcs 
bismuth 


dutKnium 

cobalt 
copper 


lime 

mercuiT 

potash 

silver 
soda 


zinc 

Chromic  acid  • 
Chromium  • 
CitrioMUl 
0itti^  in  07ital» 
Cdbsh 

Columbate  of  soda 
Columbic  acid  • 
Columbium  • 
Copper  .  . 
Cubic  pyrites  • 


Dccaliydrate  of  chlorine  . 

Deutosulpburet  of  potassium 

Dcmoiid*  ofawle 

duratniiun 
hydrogen 
lead 


of copper 

lead 

Bicaibonatc  of  copper 
IHdUorideof  antimoiij 

copper 
Dihydratc  of  silica 
Dinitritc  of  lead 


ATOMIC 
WSIOHTH. 


Oiy.=r  I 

8*75 
9-5 

6-  25 

7-  75 
4*5 

S4>5 
8*625 
16'S5 
18-75 
S0>1S5 
11 
13 

13-75 

90-5 

10 

11-25 

15-85 

12'5 
21-25 
24 
13 

11-75  • 

6»5 
,3-5 

7-25 

9-5 

3*25 
84*85 
19 
18 

4 

7»5 


Dinitrale  of  alumina 


Diprotarscniate  of  iron 
Diphosphate  of  lead 
Disulphate  of  alumina 
Disu^iunvl  of  < 


B 

Ether,  sulphuric 
P 

Fluoborate  of  ammonia 
Fluoboric  acid  • 
Fluoric  acid? 
Fluorine  ?  • 
Fluosilictc  add 
Formate  of  copper 
\md  . 

Formic  add 

Fuminig  sulphuric  add 


GalUcacid 

Gludna  • 

Glucinum 

Gold 


H 

HydnH  of  alumina 

silica 
zircooia 
HyMdieadd  . 

Hydrocyanic  acid 
Hydrogen 
Hyponitrite  of  lead 
Hypooitrous  add 
Hyposulphuric  acid 
Hypoiiilphurous  add 


Iodic  add 


ATOMIC 
WUURl 

90 

20125 
31-S 
9^ 
10 


4«S 


6-S!i 
4-S5 

1-  25 

2-  as 

14'ISS 

19:5 


7-7S? 

; 

25  ' 
U«  ■ 

I 

lJ<SSi 
0-ldj 

4-:5 

9 


9H 


I 


Digitized  by  Google 


Amoioix. 


fttt 


l4Nfide  of  barium 
bismuth 
cadmium 


copper 
iron 


potassium 
silver  • 


sulphur 
sine 

Iodine 
Iridiott  • 
Iron 


Kermos  mineral  . 


Lactic  add 
Lead  « 
Lima  • 
litiifA  . 
Lidmim  . 


Magne&ia 

Magnesto-cartxniato  of  lima 
Hagncaium 

Mangi^.vsc  . 
Maitpanc-wc  acid 
IVluitganesous  acid 
Margaric  Mid  • 
Mercury  , 
Moljbdate  of  mnnioiiiA 
lead 

Woljbdmiiii 

Molybdic  acid 
Molybdtnis  acid  . 
Morphia 

Muriaii  «r  thiaiim 

ammooM 


ATOMIC 

WEioars. 

Oxy.ssl 

24-25 

MaillAiof  cadmium 

24-5 

chromium 

22 '5 

cobalt 

18 

copper 

19*5 

gluciiui 

19 

iron  • 

99*5 

lime 

17 

litUa 

20 

magnesia 

29'25 

maog^nese 

18-5  1 

nickel 

81 

fttroDtiaa 

17-5 

ainc  . 

19*75 

15*5 

Sfiiriade  idd 

S-75 

5*5 

N 

Naphtha 

7*625 

Naphthaii 

ae 

Napluin 

• 

Nickel 

•  • 

Kitraia  of  ammonia 

5*75? 

barytas 

faiimutb 

18 

cadmium 

8-5 

cohnlt 

2*25 

copper 

W5 

iron  • 

lead  • 

lime  . 

magnesia 

2-5 

mercury 

11-5 

nickel 

1*5 

potash 

3-5 

silver  . 

7-5? 

6-5? 

sUootian 

S8 

siiic  . 

Nitrous  add 

SI -85 

Nitric  add 

I 

88 

e 

9 

6 

O 

IO*85 

OctobydrMa  «f  dnonia 

6 '7  5 

Oil  gas  4 

• 

IS'S 

|01«fitlltgM 

• 


•  t- 
..tV.. 


i  - 


ATOMIC 

Oxy.BBj 

IS'75 
19*85 
13<I75 

11-  875 
7  •875 

18*5 
14«e75 
6-875 

12-  75 
13*625 
14*5 
80*135 

9*875 
16*85 
4'$i8 


5-25 
1-25 

9*85 

10 

16-  5 

19*25 

17-  75 

19-185 

90*75 
17  i< 
16 

19«lfi5 

85 

16*625 

12*75 

91*5 

10-75 

13*85 

18*75 


U.I 


IS 

8*635 


Vol,  II, 
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ATUMIC 

waiatrrs. 

•  . 

i 

• 

Oxy.=  1 

( 

[)xy.=  l 

Oleic  acid  . 

fie 

Peroxide  of  iron            .  ' 

Orpiment 

• 

7-7.5 

lead 

15  ; 

Oxalate  of  alumina 

• 

10-125 

r-r«?8  (  «•  mercury 

27  1 

amnionia 

• 

8-S75 

nickel 

4-75  1 

barytes 

• 

17-625 

plntinum 

14 

bismuth 

14-5 

potassium 

8 

cadmium 

• 

15-875 

1  rhodium 

•  '  *  cobalt 

11 

sodium 

4-1 

copper 

10-625 

-r>|. 

1  tin 

iron  • 

11-25 

1  titanium 

6 

lead  • 

18-5 

uranium 

lime  . 

10-25 

Persulphate  of  mercury  . 
Porsulpliuret  of  copper  . 

3S-V 

matznesiu 

• 

9-25 

8' 

manganese 

12-375 

gold 

5»1  ' 

•'•  mercury 

• 

31-625 

•a  H 

•  -  iron 

7-5 

nickel 

• 

13-25 

lead 

17 

potash 

• 

1 1  '625 

4r 

mercury 

S9 

silver 

19-25 

plalioum 

16 

soda 

8-5 

potaauum 

15 

strontian 

13-25 

tin 

zinc 

12 

Phosphate  of  alumina 

9-125 

Oxalic  acid 

4-5 

ammonia 

7«75 

crystals 

.  barytes 

1515  ' 

Oxide  of  bismuUi 

• 

10 

bismutli 

16C5 

cadmium  ' 

8 

cadmium 

1S-CS5 

*'       copper  . 

5 

cobalt 

10 

*  palladium 

8 

H 

copper 

9^ 

seleniuin 

6 

iron 

11 C5 

<  >  silver 

14*75 

lead 

lT-5 

■** '  tellurium 

'^A  ' 

lime 

m 

.  1  tunssien 

17-75 

magnesia 

13-ff75 

'  line 

5 '25 

i> 

mercury 

1  S9-5  , 

Oxvifcn  . 

• 

1 

•n 

nickel 

ii-lis . 

I- 

potash 

\oi» 

silver 

lSi5  1 

.      t  P 

soda 

01  ' 
'*  t 

li  liS ; 

.  1 

strontian 

Palladium 

xiuc 

11  ' 

Perchloric  acid 

U-5 

Phosphoric  acid   ,  . 

Percbloride  of  iron 

• 

1 2-5  ? 

Phosphorous  acid 

H  : 

phosphoru 

10-5 

Phosphorus 

t 

'    •    .  tin 

16-25 

Phospliuret  of  carlion  ' 

Perhydrate  of  iron 

• 

6-125 

sulphur 

Pemi Irate  of  mercury 

• 

33-75 

Phosphuretted  hydrogen 

Pcriodide  of  mercury 

40-5 

Picrotoxia 

45  ' 

phosphorus 

• 

32-5 

Platinun 

Peroxide  of  antimony 

7-5 

Potash 

•                     •  • 

barium 

10-75? 

Potash  carbonate  of  iwt^Dtmt 

cerium 

7-75 

oxalate  of  coppefe* 

cobalt 

'!>»  '.I 

ido.  in  oblique  prisois 

83-IS 

28 

peiwaquisulplkatc  of  iroo 

indium 

• 

• 

5-75  ? 

sulphate  of  alumina 

60«i 
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PotaA  piOlOSII^ate  of  iron 


manganese 
.inickel 


^•4  »• 


l*roriodIi!c  of  mercnr\' 
Proiochiondc  ot  pho5piiorii» 

.  tin '  ■  •     1 ; 

FiRMobydratc  of  sulphtl»€  tdgl 
FtotOiltlpiuiret  of  antimony  , 
I  aneaic 


4  n  platintnn 

oi  |>ota«iiuia 

PfOmUle  of  antimonil 


.  u 


fnrium  ni.i'.m  ts 

goid  ,n.i;u.» 
iron      I -  Ho 

manganesej  li 
mercury  t/A 
okkdi     ;  rri^ 

nriJM'ntiit  ■ 


UuiHirocitluride  of  azc^ 
Quadrosulphmwt 
Quadroxalflie  of  potatb  . 

QiKidro'tido  uf  (.'hloriiie 
(^uiqtj^iaul^iiurf;!  puitasiiiuni 


ATOMIC 


26-  425 

27-  75 
26-375 
26-125 
27 

29-125 
35-5 
5 

,40-5 

1I-75 

6-125 
..,7-5 
6-75 

5-  6 
27 

14  „ 
7 

9-45 

6-  5 
9-75 

7-  25 
4-5 

4-25 
26 

4 '5 
H 

4-5 
26 

4-25 
IS 

6 

6-5 
4 

8-  25 
i7 


Rrd  o\Ic?e  of 
Rhodium 

s 


of  amnion»'  ^j^'^-j'. 
soda  i^^.>i 
Saclactic  aidd      •     ^  ^^^^ 
Seleniate  of  todi  i^v^' 

Selenietted  hydrogen 
?iiipii«WiplwiilNi  of  ammonia 

Scsquichloridt'  ot  inm 
S^quifluoboralu  ui  auiuioui^ 


Sesquiaul^buiet  of  arseutc 

ii  I 

tin 

Sesquisujphate  ot  uranium^ vi^ 
ScsqufiuMliate  of  barytes 
Silica 

SiHKifeobf  alumiM  ^ 

I  iroD 

Silicoii 
Silver 
Soda  \ 


9 


19-75 
19 

31-875 


Smi^i  'I  ; 

Strontian  ' 

Strontium 


copper 

Subphoapliurettcd  iiydrogea 


Oxy.aaj 

5-  5 

J  6 -25 

22-625 

It 

KHTS 

7 
.  5 
»*75 

S  125 
7-375 
30-125 

ism 

10»375 
10-25 

7 

7-75 

6-  5 
8  . 

10-25 
40 

■51  •75  , 
2  S 

4-  25 

6-  5 

7-  25 
1 

15«75 
4 

20-25 
58-875 
17-5 
3 

17-75 
6*5 

5-  5 

"'i 


9 
4 
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!  of  amm 
lead 
wodB 

Sucdaie 
Sulphate  of  Alumina 


barjtes 
bismuth 
cadmium 
cvriinn 

cobalt 

copper 

iron 


lime 
litbia 


mercury 

nickel 

pblintiDi 

potash 

silver 

soda 


yttria 
•inc  . 
8alpliodi}^c  add 

Sulpfamr  . 

Suilplilirat  of  an  ti  men  J 
arsenic 


bismuth 

cadmium 
caiaum 


cliromiuin 

cobalt 

cotunAfum 


M 

lithiuiii 
magncsiitiii 

manfrnnese 

mercury 

Bickel 

platinum 
potasuum 


ATomc 

WEIOBTa. 


10-625 

90'S3 

17 

6-  25 

10-  li'5 

8-S5 

15 

17*5 

15«ff25 

17-125 

15625 

17-375 

19 

10*75 
8-375 
IS^IS 
15'125 
33-25 
17-1£5 
19 
II 

19-  75 

20-  26 

11-  5 

10-25 

s 

7-  5 
6-75 

11 

9 

4-  5 

8-  iM? 

5-  5 

»  . 
6 

5-5 


Sidplniict  of  liio^aiB 


tin 

titaniuxD 


zmc 

Sulphuretted  hydrc^g«n 
Sulphunc  acid 


SulphiifDiii  acid 


TamuQ 


i  oruate  ot  alumina 


barytes 

bbmuth 

cadmium 


copper 
iron  • 
lead 


It 


■lagnesia 
manganese 


nickel 

potash 
silver 


«trt>ntiui 
sioc  • 

CUtirVIIM  DJPl'OftCB 

Telluriam  • 
TcrfluociJioila  id 

15        11  Tin 

Tilu^add 

3-5        Titanium  . 
5«5         Trcdeca?iyd[rafc  of  <.nioa 
^  Trisacetute  of  coppt-r 

,  3*85      Tnscarbonate  of  bnnatl 
d  Trisliydratc  of  «.i1ica 

14  Trisnitrate  of  alumina 

7  ..,11  Trisnlpbate  of  ^iimtiia 


-l 

5>iy.  =  I' 

7-5' 


I  16^ 
13 
15 


4 

1 6 -6^5 

95 

7-125 

21  -#75 
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Tritantimoniate  of 
Tritiodidc  of  azote 
Trititaoiate  of  soda 
IVitoanlphttfet  of  goU 


Tritoxide  of  chlorini 
TuAgttate  of  lead 


Tungsten 
Tiu^Micaeid 


U 


Uranium 
Urate  of  soda 


ATOMIC 


10-5 

28-5 
37-25? 
24*25 
SI 
11 
7-5 

99*5 

15-75 
ld-75 


26 

14*125 


Uric  acid 


Water 


Yttrin 
Ytaiuna 


Zinc 

ZIrconia 
Ziiconium 


W 


Z 


Thbsb  tabl««  being  intended  chiefly  for  tlie  pradical  che- 
mist I  have  atndied  conyenienoe  of  reference ;  and  on  that 
account  have  placed  the  chlorides,  oxides,  and  sulphutets 

among  the  salts.  The  genera  of  salu  are  arranged  ia  the  aU 
ptiabetical  order. 

The  first  and  third  of  tliese  tables  are  similar  to  two  which 
I  tnaerted  at  the  end  of  the  sixth  edition  of  my  System  of 
CSiemlstiy ;  bat  which  I  have  here  oorrectedj  and  oonaiderably 
aniaiged.  The  table  ot  ihe  nwiral  salt*  ia  new,  and  will  be 
of  Wry  great  use  to  prftetieal  vbenisti^  aa  all  the  coiMtituenti 
of  each  salt,  together  with  the  weight  of  an  integrant  particle 
of  it,  will  be  seen  at  n.  glance  of  the  eye.  An  example  or  two 
■will  show  how  this  table  i^  to  be  used.  Sii})})()^e  I  obtain  in 
any  experiment  150  grains  of  dry  tttlphate  of  barytes,  aod  that 
I  want  to  know  how  nauiy  fnaina  of  sulphuric  acid  they  oon- 
taiD^  I  moat  look  among  the  aalphatea  for  sulpluite  of  barytea. 

Xks 
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It^  atomic  w Light  U  ]4*75>  contamin^  5  of  sulpliuhc  acid.  1 
aay^  therefore, 

14*75  :  5:  :  150  :  50*847  ss  Milphuhc  acid  m  liO  grains  of  col- 
pbate  of  bar^tes. 

« 

For  sulphate  of  barytes,  which  is  a  calculation  of  perpetual  n» 
currcnce  in  the  laboratory,  a  gocxl  method  is,  to  have  a  jyart  of 
the  process  ready  finished,  and  lying  at  hand  for  use.  This 
wy     daM  ia  the  fioUowiBg  wqrs 

The  logarithm  of  5  is  ,       •  0»6989700 

Subtract  tltekig.  of  14-75     ,      .       I -1687920 


Rcrnaim  .      .    — 1-530 1 7iiO 

This  constant  logarithm  is  to  be  added  to  the  logarithm  of  the 
quantity  of  sulphate  of  barytcs  of  which  you  wish  to  know 
the  sulphuric  acid.  In  the  pveaeQt  example  the  quantity  if 
ISOgraini* 

Logaiiihm  of  150  .  .  .  2-1760913 
Add  .       .       .       .       •  — .l*53017€O 


Now,  this  is  the  Ic^garithm  of  50'847«  the  quaatity  found 

above. 

Second  exam  J  )U. — Suppose  I  have  a  sohilion  containing  -.y-' 
grains  of  nitrate  of  aiiver^  and  that  I  want  to  know  from  the 
tableirhow  much  cominoD  talt  will  just  predpitate  the  whole 
of  the  silver.  We  «ee  from  the  eeeond  table  that  the  alioaiic 
weight  of  nitrate  of  tiller  ia  81*5«  and  that  of  oommoo  aah  7*5. 
We  aiy«  tfaesefiiNir 

I  7-5 1 ;  MO  t  88-7Sk  tbtnt^ofoonBoairitrMiiM. 

Third  eramp^e.— Suppose  I  have  a  solution  of  90  graim 
of  oxalic  add  crystals,  and  that  I  wish  to  know  how  much 
carbonaie  of  potash  will  be  necessary  just  to  satnrale  the  add. 
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From  ihe  third  table  (or  last  table)  I  find  that  the  atomic 
weight  of  oxalic  add  crystals  is  9 ;  consequently,  9^  is  equt- 
valenft  to  ten  atoms.  From  thU  table  of  carbonates  I  find  that 
the  atom  of  bicarbonate  of  potash  la  1S*6S&  Consequently, 
I26*£5»  or  ten  atoms,  is  the  quantity  that  would  be  requiretl, 
if  the  Incarbonate  eontained  oidy  one  atom  of  water ;  but,  as  it 
nmxally  contains  atom  of  water,  131*875  grains  will  be 
qiiisite. 

Fourth  example. — Suppose  I  wjMi  to  prepare  oxalate  of  zinc 
by  double  decomposition,  from  oxalate  of  ammonia  and  sul- 
phate of  zinc,  what  are  the  relative  quantities  of  these  two  salts 
in  OTttala  that  must  be  used  ?  The  atomic  weight  of  oxalate 
of  ammonia  is  8*875,  and  of  sulphate  of  ajnc  18*185w  Cons^ 
quently,  we  have  only  to  take  any  equimultiples  (tf  these  num- 
bers ;  fbr  example, 

a8*75  gnoM,  OKalflle  of  aoMaonli^ 
181*S5  g^wm  of  nilpliais  of  aliic. 

Dissolve  these  two  sdts  in  different  portions  of  water,  and  mix 
the  solutions*  The  whole  oxalic  add  and  oxide  of  zinc  will 
precipitate  in  eembination,  and  nothing  will  remain  in  the  li- 
quid but  a  neutral  solution  of  sulphate  of  ammonia. 

These  are  only  a  few  of  the  numerous  uses  to  which  these 
tables  may  be  applied.  It  is  obvious  enough  tliat  if  these  tables 
were  laid  down  upon  a  sliding  rule,  after  the  mnnner  of  Dr. 
Wollaston's  scale  of  chemical  equivalents,  all  these  problems 
would  be  solved  at  once  by  adjusting  the  slide,  without  any 
arithmetical  operation  whatever.  But  the  great  multiplidty  of 
substances,  amounting  to  several  hundred,  would  of  necessf^ 
render  such  a  scale  so  confused,  that  more  time  would  be  tdtt 
in  looking  for  the  substances,  Uum  in  performif^  the  arfl3imeti- 
cal  calculaUons  from  tlie  tables. 


Kk4 


Digitized  by  Google 


INDEX. 


AcETATK  of  lead,  analysis  of,  ii.  ISiL  I 
lime,  ii.  ' 
soda,  analyzed  by  Berae> 
lius,  il  m.— By  the 
author,  iL  122. 
Acetic  acid,  atomic  weight  of,  ii. 

constituents  of,  ii.  1^1^ 
crystals  of,  iL  132. 
table  exhibitiog  the  strength 
of,  ii.  135. 
Acidifiable  combustibles,  L  133. 
Air,  common,  composition  of  detennin> 

ed,  L  QSm. 
Albite  analysed,  L  202* 
Allen  and  Fepys,  speciBc  gravity  of 

oxygen  gas  by,  i.  62. 
Alloy  of  platinum  and  cadmium,  L 

Alum  analyzed,  L  306, 
Alumina,  atomic  weight  of,  L  2S5.'— 
From  the  composition  of 
minerals,  L  287. — From 
alum,  L  UQfii— From  hy. 
drates,  L  3LL 
salts  of,  ii.  SIO. 
acetate  of,  ii.  314. 
arseniate  of,  ii.  314. 
rhromate  of,  ii. 
15 


Alumina,  fliuiiratc  of,  iL  31 1. 

oxalate  of,  iL 

phosphate  of,  ii. 

sulphate  of,  iL  3Ji3. 

tartrate  of,  iL  317. 

tmnitrate  of,  ii.  SUL 

trisulphate  of,  ii.  3LL 
Amalgam  of  cadmium,  L  394. 

platinum,  L  liiL 
Ammonia,  analysis  o^  by  chlorine,  L 
L2Si— Composition  of,  L 
124. 
salts  of,  iL  2I1S> 
acetate  of,  ii. 
arseniate  of,  iL  24fi» 
benzoate  of,  ii.  23Q, 
bicarbonate  of,  iu  2M± 
bichromate  of,  iL  '248. 
binarseniate  of,  iL  241. 
binoxalate  of,  ii.  2^ 
biphosphatc  of,  iL  2^6. 
bitungstate  of,  ii.  24fL 
borate  of,  ii.  245. 
carbonate  of,  iL  842. 
chromate  of,  ii.  247. 
nitrate  of,  ii.  23iL 
oxalate  of,  iL  2S1^ 
phosphate  of,  iL  245. 
sesquicarbonate  of,  ii.  2i2M. 
succinate  of,  iL  2i51t 
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Aininooi%  sulphate  of,  ii.  2 lis.  ^ 
tartrate  of,  ii.  252. 
compound  salts  containing, 
iL  412* 

Amnioniacal  gas,  specific  gravity  of,  L 

Ammonio-arsentate  of  9od»y  ii.  426* 

carbonate  of  uranium,  iL  ^ 
muriate  of  copper,  it.  421. 

platinum,  L  i5£± 
oxalate  of  copper,  ii.  428. 
pcrmuriatc  of  iron,  iL  42& 
persulphate  of  iron,  iL  420. 
phosphate  of  magnesia,  ii. 
4^25. 

soda,  ii,  424» 
sulphate  of  alumina,  ti,  419. 

copper,  ii.  422i 
magnesia,  iL  412. 
manganese,  iL 
•  422. 

nickel,  ii»  421. 
potash,  it.  4.^' 
soda,  iL41fi. 
tine,  ii,  422. 
trisulphate  of  alumina,  iL  42CL 
Anatasc,  ii,  Bh 

Antimony,  atomic  weight  of,  ii,  40. 
Antimoniate  of  potash,  ii,  43, 
Arfwedson,  M.,  experiments  by,  to  de« 

tcrmine  the  composition  of  the  oxides 

of  uranium,  ii.  2. 
Arsenic,  L  229—233. 

acid,  atom  of,  L  229,  232. 
Aneniettcd  hydrogen,  L 
Arsenious  acid,  L 
Atom,  meaning  of  the  term,  L  2L 
Atomic  theory,  L  2£. — Investigations 

of  the  author  concerning,  L  25. 
Atomic  weights  of  bodies,  observations 

on,  iL  457. 
Azote,  L  95.— Atomic  weight  of,  L 
Compounds  of,  witli  oxygen, 

composition  of,  L  M/j. 
Azotic. gas,  L  95i 


Barium,  atom  of,  L  268. — Peroxide  oCf 
L  221<— Chloride  of,  com  position  of^ 
LS1± 

Barytes,  atom  of,  L  gC7.  Elk 
salts  of,  iL  2&Qm 
acetate  of,  ii. 
biphosphate  of,  iL  ^2. 
Unoxalate  of,  ii.  2&1. 
bitarir&te  of,  iu  284. 
carbonate  of,  iL  2M. 
chromate  of,  iL  ^2. 
muriate  of,  L  ^6,  and  iL 
— Delicacy  of,  as  a  test  of 
sulphuric  acid,  L  51t 
nitrate  of,  iL  280l 
oxalate  of,  ii.  282. 
phosphate  of,  fi.  281. 
sesquicolombote  of,  fi.  2^ 
sulphate  of,  ti.  i^M> 
tartrate  of,  iL  284. 
Benzoic  acid,  atomic  weight  oC,  n.  141. 

—Constituents  of,  iL  143. 
Benzoate  of  iron  analyzed,  fi.  142. 
Beryl,  analyzed,  L  QJiS. 
Berzelius,  M.  inrcstigatioiw  of,  respect- 
ing the  atomic  tbeory,  L  19. — htm 
of,  L  32.  and  u.  4£2i— •Experiments 
of,  to  determine  the  atom  of  mm, 
352.— Experiments  of,  on  nraniov, 
ii,  31. — On  tungsten  and  its  oxides, 
ii,  63± — On  columbium,  ti,      — On 
the  atomic  weiglit  of  fluoric  and,  ii* 
166. — On  his  tables  of  salts,  if-  233. 
Berzelius  and  Dulong,   specific  pa- 
rity of  oxygen  gas  dctermiacd  bf, 
L 

Bichloride  of  gold  and  sodium  analyzed, 
L  44Q. 
platinum  and  potassium 

analyzed,  L  4/;a 
platinum  and  sodium  ao*- 
lyzcd,  L  453. 
Bichromitc  of  iron,  tl.  2& 
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Biliydroguret  of  phosphorus,  L  2QSi 
Bimurtate  of  tin,  ii.  227. 
Binarseniate  of  soda,  L  23Qi. 
Biol  aod  Arago,  specific  graTity  of 

oxygen  gas  detennined  by,  L  62. 
Bismuth,  atomic  weight  of,  i|  407. 

salts  of,  iL  389. 

arscniate  of,  ti.  393. 

carbonate  o^  iL 

cbromate  of,  ii.  393. 

dinitrate  of,  ii.  39a 

nitrate  of,  iL  S90. 

oxalate  of,  iL  3S2a 

phosphate  of,  ii.  391. 

sulphate  of,  ii.  38:91 

Urtrate  of,  ii.  394. 
Bisulphate  of  gludna,  L  319,  325. 
Bisulphurct  of  copper,  ii.  2QSk 

molybdeDum,  iL  216. 
platinum,  iL  SK22> 
Bitellurate  of  lead,  L 
Blende,  iL  198. 
Boracic  acid,  atcnn  oi,  L  161. 

bihydrato  of,  L  163. 
Boracite,  composition  of,  L  1£Z<  and 

ii.  304. 
Borate  of  ammonia,  L 
Borax,  analyzed,  L  164. 
Boron,  L  liTi^^^toroic  weight  of,  L 
161. 

Boro4artrate  of  potash  and  soda,  iL 

Boscorich,  M.,  view  of  the  constitution 

of  bodies  by,  L  20. 
Buchoix,  M.,  on  molybdenum  by,  it. 

55. 

Bncbolzlte,  composition  of,  L  175«  298. 
C 

Cadmium,  atomic  weight  of,  L  387. 
salts  of,  iL  gea 
acetate  of,  iL 

arscniate  of,  ii.  3G5. 
16 


Cadmium,  carbonate  of,  ii,  262. 

cbromate  of,  iL  364. 
citrate  of,  iL  M& 
nitrate  of,  iL  361. 
oxalate  of,  iL  365. 
phosphate  of,  iL  362^ 
sulphate  of,  ii.  360. 
tartrate  of,  iL  365. 
Calcarco-acetate  of  copper,  iL  449. 
Calcium,  atom  of,  L  277. 
Calomel,  L  4^  and  iu  22B> 
Carbon,  atom  of,  L  134,  Hit 
Carbonate  of  lime  analysed,  L  136. 

yttria,  L527. 
Carbonic  add,  atom  of,  L  137. 

gas,  specific  granty  of, 
L  132.. 
oxide,  L  lASs 
Carbono-phosphntc  of  soda,  ii.  451. 
Carbo- tartrate  of  alumina  and  soda,  ii. 
443. 

Carburetted  hydrogen  gas,  L  153. 
Cerium,  atomic  weight  of,  L  379. 
Chameleon  mineral,  L  370. 
Chloride  of  azote,  L  125.  ^ 

barium,  L  269.  and  ii.  2LL 

bismuth,  L  4QSa 

cadmium,  ii.  227. 

caldum,  ii.  216. 

chromium,  ii.  53. 

cobalt,  iL  224.  and  L  11^ 

iridium,  L  473. 

iron,  iL  219. 

lead,  L  ^  and  iL  22& 

magnesium,  ii,  217. 

manganese,  iL  221. 

mercury,  ii.  228. 

nickel,  iL  22i. 

palladium,  L  472. 

silver,  L  43a  and  ii.  229. 

strontian,  iL  215. 

tin,  L  403. 

zinc,  iL  226. 
Chloridcit,  iL  20iL 

of  antimony,  iL  i^L 
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Oiloridcs  of  potas^iumt  ii. 
Cbloiine,  atom  of,  L  79. 

dccahydrate  of,  L  83. 
gas,  specific  gravity  of,  L  77. 
and  oxygen,  L  8i< 
Chloriodk  add,  L  OIL. 
Chromaie  of  pousii  analyzed,  ti.  49» 
Chromates*  iL  Ifi, 
Cbromk  acid,  atom  ol^  ti.  ^ 
Chromium,  atom  of,  ii.  42^ 
Cinnabar  analyzed^  L  4^ 
Citric  acid,  atomic  weight  of,  ii.  i  I9i 
1S0.«— Crystals  of,  ii.  Consti. 
tucnts  of,  iL  122^ 
Cobalt,  atomic  M  cight  of,  L  361,  563. 
ndta  of,  U.  541. 
arseniatc  of,  iL  345« 
,  binandmomate  of,  iL  345. 

iMsulphatc  of,  iL  342^ 
carbonato  of,  iL 
chromate  of,  iL  3^ 
nitrate  of.  iL  342^ 
oxalate  of,  ii.24£z 
phosphate  of,  iL  344. 
sulphate  of,  tL  341. 
tartrate  of,  iL  347. 
Columbate  of  soda,  ii.  lii^—' Action  of 

reagents  on,  iL  Z2i 
Columbic  acid,  iL  7-Lr-?Atomic  weight 

of,  u.  79. 
Columbium,  atomic  weight  of,  iL  IL 
Combustible  adds,  atomic  weights  of, 
iL  a2» 

Copper,  atomic  weight  of,  L  ILL 

Coppcr-mica,  !L  3&L 

salts  of,  iL  376. 
acetate  of,  ii.  383. 
arseniate  of^  ii.  380. 
carbonate  of,  ii.  377. 

blue,  iL  378. 
chloridcB  of,  L  ^ 
chromate  of,  ii,  3S2. 
diacetate  of,  iL  384. 
formate  of,  iL  389.  | 
nitrate  of,  iL  .'177.  ! 


Copper,  oxalate  of,  iL  3S8. 

pIxMphato  of,  iL 

subsesquacetate  of,  iL  3S4. 

sulphate  ot,  iL  376. 

tartrate  of,  iL  2fifi. 

trisacetate  of,  iL  336. 
Corrosive  sublimate  anaijtcd,  L  4S4. 

D 

Dal  ton,  Mr.  John,  views  of,  respecting 
the  atomic  theoiy,  L  S.— -His  laws, 

i.  37. 

Deutosidc  of  antimony,  iL  ih. 

asote^  L  117. 

chromium,  u. 

lead,  L  397. 

manganese,  L  3£Sa 
Dichloride  of  copper,  ii.  22^ 
Dimuriate  of  alumina,  iL  218* 

copper,  iL  2:22. 
Dioptme,  L  180. 
Disulphate  of  copper,  L  414. 
Difiulpharet  of  copper,  LAL2t.  iL  I2ib 
lead,  iL  ia& 

Emerald,  analyus  of^  L  322. 
Euclase,  analysis  of,  L  323. 
Eudyallte  analyzed,  L  ikil* 

F 

Felspar  aualyxed,  L  301. 
Ferro30>fenric  oside,  L  355. — Sttam  to 

exist  in  pnnaian  blue,  L 
Fluate  of  barytas,  composition  of^  iLl7l. 
lead,  ii.  112. 
lime,  iL  170. 
Fluoboric  add,  atomic  weight  oC  n. 
178,  lai^ 
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Fluoboric  ga«,  L  159. — Atomic  weight 
of,  L  leo— 8p«dfic  gravity  of,  ii. 
179. 

Fluoborates  of  ammonia,  it.  180. 
Fluoric  acid,  atomic  weight  of,  ii.  166. 

Fluorine,  ii.  IS2* 

Fluosiiidc  acid,  atomic  weight  of,  ii. 

compoftidon  of,  ii.  115m. 
Formic  acid,  atomic  weight  of,  it.  149. 

constituent  of,  ii.  1 50. 

formation  of,  ii.  LSI. 

properties  of,  it  149. 
Fuming  liquor  of  Libavtua,  L  404. 


O 

Gadolinite  analyzed,  990. 

Gases,  relation  between  the  atomic 

weight  and  specific  gravities  of,  L 

241. 

Gay-Lu^i^  M.,  account  of  bis  theory 

of  volumes,  L  18. 
Glucina,  atomic  weight  of,  L  ai£. 
Glucinum,  atom  of,  L  32^. 
Gold,  atomic  weight  of,  L  439i  44iL 


Harmotome  analysed,  L  291. 
Hedenbergite,  L  179. 
Homberg'a  attempts  to  analyze  salts, 
L  L 

Hydrate  of  alumina,  L  315x 
columbic  add,  ii. 
protoxide  of  chromium,  ii. 

yttria,  L  33Q± 
Hydriodie  acid,  L  SS. 
Hydrogen,  atom  of,  L  23.-=Should  not 
be  made  unity,  L  12i 


Hydrogen  specific  gravity  of,  L  6!L 
Hydrosulpliurut  of  antimoiy,  ii  4£± 

I 

Iodic  add,  L  23. 
Iodide  of  azote,  L  123. 

potassium,  L  90. 
OnCf  L  Oh 
Iodine,  atomtc  weight  of,  L  82. 

specific  gravity  of,  L  HSm 
Iridium,  atomic  weight  of,  L  473,  476. 
Iron,  atomic  weight  of,  L  843, 

persalts  of,  it.  321. 

protosalts  of,  ii.  31fl. 

diprotarseniate  of,  ii.  322. 

perscsquiniurate  of,  ii.  328. 

persesquiphosphatc  of,  ii.  S3(k 

persesquisulphate  of,  ii.  327» 

pertetrasulphate  of,  ii.  328. 

pcrtrispbosphatc  of,  ii.  33i2t 

protacctate  of,  ii.  323. 

protocarbonate  of,  ii.  3i^ 

protonitratc  of,  iL  ai£> 

protophosphatA  of,  ii.  321^ 

protosulphate  of,  iL  318. 

prototartrate  of,  iL  22£i 

protoxalate  of,  iL 
Iserioe,  ii.  92. 

K 

KarphoUte,  composition  oi,  i^  2dB. 
Kermes  mineral,  iL  46. 
Kaebelite  analyzed,  L 

L 

Lead,  atomic  weight  of,  L  995. 
salts  oSt  ii. 
acetate  of,  ii.  373. 

arseniate  of,  iu  37a 
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Lead,  benioate  of,  U.  374. 
bitungstate  of,  ii.  ^22^ 
carbonate  of,  ii.  SfiSi 
chromate  of,  iL  33  b 
diacetate  of,  U.  373. 
dinitrate  of,  ii,  SS&m. 
dinitrite  of,  ii.  368. 
fonn:tte  of,  iL  875. 
hyiwnitrile  of,  ii.  368. 
molybdate  of,  ii. 
nitrita  of,  ii.  SfiL 
oxalate  of,  il  375.  . 
phosphate  of,  it.  320. 
succinate  of,  ii.  3i5» 
sulphate  of  it  367. 
tartrate  of»  iL  375. 
trisacetate  of,  ii.  374. 
Leibnits,  M.,  view  by,  of  the  constitu- 
tion of  bodies,  L  2£L 
Lcucite  analy^zed,  L  298» 
Lime,  atomic  wd^hc  of.  L  2Zii 

salts  of,  iL  2^ 

acetate  of,  iL 

arscniate  of,  iL  2d7> 

carbonate  of,  iL  296. 

chromate  of,  iL  297. 

nitrmte  of,  ii.  2^5. 

oxalate  of,  iL  2^ 

phosphate  of,  iL  296. 

sulphate  of,  ii.  293. 

tartrate  of,  ii.  22&< 

tungstate  of,  ii.  297. 
LinzeQerx,  iL  3S2. 

Littiia,  atomic  weight  of,  L  S62.  266. 
Lithattm,,atoin  of,  L  266. 

M  •  • 

Magnesia  alba,  iL  SQL 

Mogne&ia,  atom  of,  ij  279. 

salts  of,  ii.  299. 
acetate  of,  ii.  30^ 
arseniate  of,  iL  305. 
binoxalate  of,  ii.  3QL 
bitartratc  of.  ii.  3Q9. 


INDEX. 

t  Magnesia,  borate  of,  ii.  304.  ■ 
.       carbonate  of,  it.  flQQ. 
chromate  oC  u>  306. 
hydrate  oi,  tu  302. 
nitrate  of,  ii.  29a. 
oxalate  of,  iL  SQIm 
phosphate  of,  ii.  304. 
sulphate  o£,  ii.  299. 
tartrate  of,  iL  ^iS. 
Magnesio-carbonate  of  lime»  ii.  444. 
Magnesium,  atom  oi^  L  2&L 
Malachite,  iL  377. 
IVfanganate  of  potash,  L  371. 
Manganese,  atom  of,  L  364. 

native  black  oxide  of,  L 

salts  of;  ii.  548. 
acetate  of,  ii. 
arseniate  ol^  au  25L 
bistlicate  of,  L  13^ 
carbonate  of,  ii.  549. 
diromaie  of.  ii.  551. 
nitrate  of,  iL 
pliu&phate  oC  ii.  3 SO. 
i»-otoxalate  of.  ii.  352. 
sulphate  af,.ii.  34S. 
tartrate  of»  ai»  552. 
Manganesic  add,  L  51;^— Constitueats 

of,  L  375.  .,1 
Manganesous  acid,  composition  of,  L 

Meionite  analyzed,  L  292. 
Menaccanitc  analyzed,  ii.  25. 
Mercury,  atom  of,  i.  42lm  • 

dilorides  of,  L  .  .  . 

salts  of,  iL  395. 
bipcrsulpbate  of,  iL  405. 
dipcniitrate  of,  ii.  404. 
pernitrate  of,  ii.  405. 
persulphate  of,  iL 
protocetato      iL  4Q(X    •  , 
protarseoiate  Qf»  iL  S98. 
'  protocarbonate  <»f,  ii.  5iila  * 

j  pnKochrtmiatO  Q^  iL  '** 

•  prototiitrole  of,  iL  505.  ■ .  / 
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Mercury,  prophosf^ato  of,  ii.  .TQS. 
protORulphate  of,  ii. 
prottitnrtriite  of,  ii. 
procoxatate  of,  ii.  401. 
triprotonitnite  of,  ii.  397. 
Metals  irhich  precipitate  each  other 

from  solutions,  L  580. 
Molybdate '  of  potash,  ii.  5S., — Actions 

of  reagents  on,  ii. 
MolybdcniiTO,  atom  of,  ii.  55. 
Molybdic  aeid,  atom  of,  ii.  ^ 
Molybdous  acid,  atom  of,  ii.  fiOi 
Muriate  of  alumina,  ii.  217. 
ammonia,  i  1 

barytes,  L  'JSiL  and  ii.  212. 
cadmium,  ii.  22fi> 
cerium,  L  StSt 
chromium,  ii.  52. 
copper,  ti.  22L 
glucina)  L  521. 
iron,  ii.  2iM. 
lime,  it.  265.  and  L  277. 
magnesia,  i.  '260.  and  ii.21iL 
rannganese,  ii,  22D. 
nickel,  ii.  223. 
palladium,  L 

strontian,  L  27.7.  and  ii.  'IIAm 
tine,  ii.  225i 
zirconia,  L  341.  > 

Muriates,  ii.  SQ&        -  • 

Muriatic  add,  action  of,  on  metals,  ii. 
202. 

Muriatic  add  gti<i,  how  much  of,  is  ab- 
sorbed by  water,  L  S5j 
Muriatic  acid,  li^td,  composition  of, 

L  8& 


Naphtha  vapour,  L  151?. 
Naphthaline,  ix  L55. 
Natrolite  analyted,  L  2Q£k 
Nepbeline,  composition  of,  i  177.  2hS± 
Nickel,  atomic  wdghi  of,  L  2iBx 


Nickel,  salts  of,  ii.  222. 

acetate  of,  ii.  337. 
arseniato  of,  ii.  335i 
binarseniate  of,  ii. 
carbonate  of,  ii.  221. 
chromatc  of,  ii.  337. 
nitrate  of,  ii.  335. 
oxalate  of,  iL  22!L 
phosphate  of,  ii.  335. 
sulphate  of,  ii.  SSZm. 
tartrate  of,  ii.  340. 
Nigrine,  ii.  22. 
Nitrate  of  ammonia,  ii.  22fL 

bnrytus,  ii.  2SQ. 

bismuth,  ii.  300. 

cadmium,  ii.  SfiL 

cobalt,  ii.  342. 

copper,  iL  271t 

iron,  ii.  21B. 

lead,  ii.  3fi7.  and  L  IQl . 

lime,  ii.  295. 

magnesia,  ii.  299. 

niaiiganetie,  ii.  SAik 

mercury,  ii.  2S5. 

nickel,  ii.  355. 

potash,  ii.  S51i  and  L  107, 
L>52.  ' 

silver,  ii.  iOi.  and  L  KXL 

soda,  iL  261. 
_  sine,  ii.  254. 

Nitre,  L  107. 

Nitre  add,  atomic  weight  of,  L  100* 

composition  of,  L  111*  "  ' 
how  obtained,  L  1 13.  '  ' 
cause  of  its  colour,  L  1 12f  ' 
table  of  its  strength,  L  1 14. 

Nitrous  add,  L  l2Sk 


O 


Oil  gas,  L  151. 
Olcfiant  gas,  L  L48. 
Olivcuerx,  iL  381. 
Osmium,  L477. 
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Oxalate  of  ammonia,  constitute ut&  (£,  L 

lime  analyzed,  ii.  104. 
Oxalic  acid,  atomic  weight  of.  ti  KKL 

constituents  of,  ii.  105. 
Oxide  of  bismuth,  atom  of,  L  407. 

cadmium,  atom  of,  L  598. 
copper,  L  411. 
gold,  i.  447. 
iridium,  L  477.  .< 
mercury,  L  421* 
palladium,  L  467. 
rhodium,  L  4fi^ 
silver,  L  133x 
titanium,  ii.  82, 
tungsten,  ii.  7D± 
Oxygen,  whether  1^  atom  of  combines 

with  bodies,  ii.  462^ 
Oxygen  gas,  specific  grarity  of,  deter- 
mined, L  62.— Its  relation  to  tlmt  of 
bydn^cn  gas,  L  70* 


Palladium,  atomic  weight  of,  L 
Pernitrate  of  uranium,  action  of  re- 
agents on,  ii.  8. 
Peroxalate  of  uranium  analyzed,  ii.  28^ 
Peroxide  of  antimony,  ii.  IL 
, ,  .       cerium,  L  2S2a 
gold,  L  448. 
iron,  L  553. 
lead,  L  399. 
,  mercury,  i,  42i. 
nickel,  L  360. 
platinum,  L  457.  458. 
rhodium,  L  464. 
tin,  L  402. 

uranium,  how  obtained,  ii. 
2if— Properties  of,  iL  6. 
Pencsquinitrate  of  uranium,  ii.  22i 
Persulphuret  of  iron,  ii.  USlL 

mercury,  ii.  201. 


Persulphuret  of  potasMuro,  tL  1^ 

tin*  ii.  m± 
Phillips,  Mr.  R..  (pinion  ct^  nspecu 
ing  the  atom  of  alumina  cxsmlned, 

Phosphate  of  soda,  composition  of, 

phosphoric  acid,  L  198. — Attempt*  to 

analyze,  i.  201. — Atom  of,  L  ^06. 
Phosphuraus  acid,  atom  of,  L  206* 
Phosphorus,  L  LOS. 
Phosphuretted  hydrogen,  L 
platinum,  atom  of,  L  449,  457. 
Potash,  atomic  weight  of,  L  '252,  254. 

salts  of,  ii.  255. 

acetate  of,  iL  2i& 

benzoate      ii.  2GQ. 

bicarbonate  of,  ii.  2ii> 

bichromate  of,  ii.  22fii 

binacctate  of,  iL  260. 

binarseniate  of,  iL  2SL 

binoxalate  of,  iL  261. 

bitartrmte  o^  iL 

carbonate  of,  iL  254. 

diromate  of,  iL  25  tj. 

nitrate  of,  it.  254. 

oxalate  of,  ii.  261. 

phosphate  of,  ii.  256. 

.  quadroxalate  oC,  ii.  262. 

sesquicarbonate  of,  iL  Sii. 

sulpliate  of,  ii.  253. 

tartrate  of,  ii.  2SS± 

teroxalatc  of,  iL  262± 

compound  salts,  containing,  ii* 
4^ 

Potash-ar^niate  of  soda,  iL  438. 

carbonate  of  magnesia,  ii.  42& 
muriate  of  palladium,  L  4£Ii 
4£^ 

oxalate  of  copper,  iL  438. 
pcrsesquisulphate  of  iroo,  ii.  433. 

uranium,  ii* 

persulphate  of  iron,  ii.  455i> 
phosphate  of  »oda,  iL  4J7. 
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Potash-protosutphato  of  iron,  ii.  431. 
sulphate  of  nlumina,  ii,  130. 

capper,  iL  43Sm 
magnesia,  iL  429i 
tnangancsc,  iL  435* 
nidccl,  ii.  454. 
zinc,  iL  435* 
tartrate  of  soda,  ii.  439. 
trtsulpbate  of  alumina,  ii.  430. 
PotasBiuxB,  atomic  weight  of,  L  252. 

peroxide  of,  L  257. 
Protoxide  of  antimony,  ii.  42. 
arote,  i.  115. 
cerium,  L  S8& 
cbrcnniam,  ii.  51. 
cobalt,  L  SfijL 
iron,  L  24S* 
lead,  L  23i 
*     manganese,  L  3Gff. 
mercury,  L  423» 
noolybdenunn,  ii.  60. 
nickel,  L  S5S. 
tin,  L  4m. 
uranium,  iL  fi. 
Protosulphate  of  cerium,  analyzed,  L 

Sai  Action  of 

reagents  on,  L  3fi4* 
iron  analyzed,  L  2i2L 
Prout,  Dr.  W.,  dfeco^ery  by,  of  the  re- 
lations between  tbc  atomic  weights, 
L  23. 

Proiosulphuret  of  arsenic,  iL  208^ 
iron,  il.  igo. 
lead,  iL 

mercury,  ii.  2QL 
potaashim,  iL  I&IL 
tin,  iL  196. 


Quioto-titaniate  of  potash,  iL  29. 
R 

Red  \cm\,  cooipo&ition  of,  L  '99. 
Vol.  II.  L 


Rhodium,  atom  of,  L  4G0.  465. 
Richter*s  stochiometry,  accoontof,  L  2* 
Rose,  M.       experiments  of^  on  tita« 
ninm,  iL  82. 


S 

Sadactate  of  lead,  iL 

soda,  ii.  1A5^ 
Saclactic  add,  atom  of>  ii.  144,  147.— 

Constituents  of,  iL  14!L 
Sal-ammoniac,  L 

Salts,  of  the  composition  of,  ii.  2S2x 
compound,  ii.  415.,  and  236. 
simple,  rL  232. 

of  the  walw*  of  crystallization  of, 
ii.  467. 

Sausure,  M.  T.,  spedfic  gravity  of 

oxygen  gas  by,  L  fi2^ 
Scapolite  analyzed,  L  29&, 
Scolezite  analyzed,  L  2fl7« 
Seleniate  of  barytes,  L  222. 

soda,  L  221^ 
Selenietted  hydrogen,  L  22& 
Selenium,  L  99cl 

Sosquicarburet  of  hydrogen,  L  155. 
Scsquisulphate  of  uranium  analyzed,  ii. 
22. 

Sesquisulphuret  of  arsenic,  iL  SQfi. 

iron,  ii.  LaL 
tin,  iL  197. 
Silica,  atom  of»  deduced  from  Berze- 
lius  and  Stromcyer's  analysis  of  8ili> 
cetted  iron,  L  168. — From  the  consti- 
tution of  native  silicates,  L  170.— 
From  the  decomposition  of  carb(>* 
nate  of  potasli  by,  L  19Q.— .From  the 
hydrates  of  silica,  L  191. 
Silicon,  L  167. 
Silver,  atom  of,  L  429. 
chloride  of,  L  83. 
»^ts  of,  ii.  404. 
acetate  of,  a.  ^12. 
arseniate  of,  ii  410. 
carlK>natc  of,  ii,  407. 
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SilTer.  cliromate  of,  is,  112. 
nitrate  of,  ii.  4Qi^ 
oxalate  of,  ti,  413. 

phosphate  of,  ii.  '*0?. 

sulphate  of,  ii.  406. 

tartrate  of,  ii.  4M. 
Soda,  atom  of,  L  258,  2fi£L 
salu  of,  ti.  2SSi 
acetate  of,  ii.  276. 
arseniatc  of,  ii.  2?IL 
bilx^rate  of,  il.  270. 
bicarbonate  of,  ii.  2fi2< 
l»nar»caiate  of,  ii.  ^74. 
bichromate  of,  ii.  21^ 
binozalate  of,  ii.  277. 
btphosphate  of,  ii«  222i 
carbonate  of,  ii.  866. 
chromate  of  iu  275. 
columbate  of,  ii.  21iL 
nitrate  of,  ti.  2fi& 
oxalate  of,  iL  2Z2> 
pliosphate  of,  ii.  970. 
saclacLite  of,  ii.  2IB> 
s^uicarbonate  of,  ii.  SfiZ. 
succinate  of,  ii.  276. 
sulphate  of,  ii.  2B5m. 
tartrate  of,  ii.  22& 
tungstate  of,  ii.  275. 
urate  of,  ii.  225. 
Soda-rouriate  of  rhodium  analysed,  L 
461. 

oialate  of  copper,  ii.  45Q. 

sulphate  of  alumina,  ii.  445. 
Sodium,  atom' of,  L  2I2X 

peroxide  of,  L  2(S2i 
Sphcne,  ii.  98i 

Stromeyer,  M.,  experiments  of,  on  the 

salts  of  cadmium,  L  388. 
StroQti&n,  atom  of,  L  222. 

salts  of,  ii.  2&5m  | 
acetate  of,  ii.  201. 
arseniat^  of,  ii.  2&Si 
binoxalate  of,  ii. 
carbonate  o(  ii.  287.— Na.  ^ 
tive,  ibid. 


StroQlian,  chromate  of,  iL  t^Ml 
nitrate  of,  iL  286. 
Oisalaie  «^  iL  291. 
phosphate  ii. 
sulphate  of,  iL 
tartrate  at,  iL  292. 
Stiootiinn,  atom  of,  i. 
I  Subchloride  of  copper,  L  419. 
Suboxide  of  copper,  L 

manganese,  L  .T77, 
silver,  L  422. 
Subphosphu  retted  hjdrogcn  gas,  nature 

and  composition  of,  L  i.06. 
^ibsesquisulphate  of  glactna,  L  S2Sk 
Succinate  of  iron,  ii.  ISL. 
Succinic  add,  atom  of,  tL  136. — Coo< 

itituents  of,  ii.  138. 
Sulphate  of  alumina,  ii.  310. 

ammonia,  ii.  23^.* 
b«r>te«,  L  271. 
bismuth,  ii.  389. 
cadmium,  L  33^ 
cot>alt,  L  362. 
copper,  L 
glucina,  L  51 S. 
iron,  n.  2_L& 
lead,  iL  SSIm. 
lithia,  L  263.  2<I£. 
magnetta,  L  280. 
manganese,  L  565. 
mercury,  ii.  2ii^ 
nidcel,  L  2i3. 
platinuni,  L  4S6. 
potash,  L  8  MX 
silver,  L  436. 
soda,  iL  2fLa. 
yttria,  L52Q. 
sine,  L  55.  and  iL  353. 
Sulpho-cfaromate  of  potadi,  9.  44S. 
Sulphur,  L  2Q&— Atom  of,  1  S1& 
Sulphurets,  of  the,  H  185. 
Sulphuret  of  antimony,  iL  47^ 
arsenic,  it.  208. 
barium,  ii.  188. 
iMtmudi,  L  409. 
16 
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Sulpfauret  of  cadmium,  ii.  IQ5± 
cerium,  ii.  195. 
chromium,  ii.  20^ 
cobalt,  u. 

columbiuio,  il.  2Q1. 
o^per,  L  416.  and  ii.  1 99. 
gold,  iL  2Q2m  ■ 
iron,  u  249*  and  ii.  1 90. 
lead,  L       and  il  I9& 
lithium,  ii.  187. 
magneBum,  ii.  ]!K^ 
manganese,  ii.  193. 
mercury,  ii.  200. 
molybdenum,  ii.  61,  20& 
nickel,  il.  132* 
palladium,  L        and  ii. 

platinum,  iL  202. 

potassiimi,  ii. 

rhodium,  ii  203. 

silver,  L  434.  and  ii.  201. 

sodium,  ik  Ifil, 

strontium,  ii.  189. 

telluriuDi,  ii.  202. 

tin,  L  4Q6.  and  tl.  196. 

titanium,  ii.  84^  207. 

ttmgsten,  ii.  206. 

uranium,  iL  204. 

zinc,  iL  195. 
Sulphuretted  hydrogen,  L  212*  • 
Sulphuric  acid,  L  21 L — Atom  of,  L  21 L 

— Fuming,  L  215* — Dry,  L  215. 
Sulphuric  ctbcr  vapour,  L  151. 
Sulphurous  add,  L  21fi^Atom  of,  L 
21fl. 


Table  spar,  compodtion     L  171. 
Tantalum,  iL  1%^  >  _ 
Tartar  emetic,  iL  440*  '^j.vj  -^f 

Tartaric  acid,  atom  o<i  iL  111,  114. 

composition  of,  ii.  1 16. 

cryoak,  composition  of, 
ii.  LL5, 


!  Tartrate  of  potash  analyzed,  ii.  1  1;L 
I  Tellurctted  hydrogen,  L  i^S. 
Tellurium,  L  236. 

oxide  of,  L  221. 
Thomaonite,  i.  292.  < 
Tin,  atom  of,  L  401; 
Utantate  of  potash,  ii.  0-2. 

soda,  ii.  QQ. 
Titanic  add,  ii.  82^  94. — Compounds 
of,  with  sulphuric  and  oxalic  adds,  ii. 

Titanium,  atom  of,  iL  80. 

acidiRcation  of,  ii.  87. 
Tritosulphuret  of  gold,  i*  44S. 
Tritoxide  of  manganese,  L  .370. 
Tung!»tate  of  ammonia,  iL  65i  lO. 

lead,  iL  69,  IL 

soda,  ii.  68. 
Tungsten,  atom  <rf'«  iL  62,  20. 
Tungstic  acid,  atom  of,  ii.  £2*  ^ 


U  &  V 

Vitriol,  white,  composition  of,  L  59*— 
Diflference  between  British  and  Ger- 
man, L  52m 

Uraniate  of  potash  analyzed,  ii.  37. 

Uranmlca  analyzed,  iL  37. 

Uranium,  atom  of;  iL  1^  & — Reduc- 
tion of,  ii.  2, 

Urate  of  soda  analyzed,  iL  1£2. 

Uric  acid,  atom  of,  ii.  155. — Consti- 
tucnuof;  ii.  1£2,— Properties  of,  ii. 
lifi. 


it  '3 


w 


Water,  composition  of,  L  22sWdght 

of  its  atom,  L  73± 
Wenscl,   M.,  discovers  the  relative 

weights  of  acids  and  bases,  L  4. 
WoUaston,  Dr.       scale  of  equivalents 

l>y,  L  22. 
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Yuria,  atom  f,  L  321. 
Yttrium,  aU»xi  of,  L  555. 
Yttrocerite  analyzed,  L 
Yttrotantalitc  analyzed,  L  223a 


Zinc,  atom  of»  L  5it— Composition  of 
its  oiide,  L  52.^Hydrogcn  evolved 
when  it  U  dissolved  in  sulphuric  acid, 
L  Co. 


Zinc,  salts  of,  H.  553. 

acetate  of,  ii.  55ft.' 

arseniatc  of,  iL  556.  aad  L  &L 

bipbosphate      iL  558. 

carbonate  of;  L  GO.  and  il  354. 

dmnnate  of,  ii.  357. 

nitrate  of,  IL  554. 

oxalate  of,  ii  35P. 

phosphate  of,  ii.  3^ 

silicate  of,  L  182. 

ni^hate  id^  LSS,  and  il  S* 

tartrate  of,  ii.  359. 
Zircon  analyzed,  L  335. 
Ziroonia,  atom  of,  L  335. 

hydm«s  ol,  L  540. 


THE  END 
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Page  66i  line  2  from  bottom,  for  read  "  ^T^t" 

/' 

78.  line  5^  for  "  1-500"  i«ad  "  2-500." 
93,  line  2,  for  "  Here"  read  "  Hence." 

ib.  line  1 for  •*0'125+0'5555"  read  "0'I25XO«5555." 
124.  line  17^  for  "  two"  read  "  too." 

180,  line  2 from  bottdm,  for  «•  DIOPTOSE"  read  «  DIOPTASE." 

275.  line  i  from  bottom,  for  "  pape"  read  *•  paper.'' 

302.  line  1^  for  **  of  potash"  read  **  and  potash.*' 

304,  line  7,  for  *«  silicon"  read  silica." 

33G.  line  6  from  bottom,  dele  the  word  "owing." 

564,  line  2^  for  *' 11    2!!  read  "  1 1 X^^-" 

419.  lowest  line,  fbr  "  Prout"  read  "  ProusL" 

420.  line  2  from  bottom,  for  •*  copper"  read  *♦  chlorine." 
455.  line  15,  for  <•  15-75    6-75"  read  "  13 '754.6 -75." 

441,  lint!  12  from  bottom,  for  «•  nitric  muriatic  read  pttfo-mitriatic.  '* 
468.  line  13^  for  "  sulphuret"  read  •♦sulphur." 

VOL*  II. 

273.  line  12  from  bottom,  for  "  eflenresces"  read  *'  effloresces." 
277.  lines  from  bottom,  for  "9*5"  read  "  8*5." 
372,  line  8,  for  "  Corinthia"  read  «'  Carinthia," 
407,  line  15^  for  "2-:->7"  read  «•  g'7.'>." 
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